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ABSTRACT

The present invention relates to compounds of formula (I):

and pharmaceutically acceptable salts thereof, wherein R,
R2, R3 R* R® RS R, W,Y, mand nare as defined herein. The
invention also relates to pharmaceutical compositions com-
prising these compounds, methods of using these compounds
in the treatment of various diseases and disorders, processes
for preparing these compounds and intermediates useful in
these processes.

16 Claims, No Drawings



US 9,181,272 B2

1
ALDOSTERONE SYNTHASE INHIBITORS

FIELD OF THE INVENTION

This invention relates to heteroaryl compounds that are
useful as inhibitors of aldosterone synthase and are thus use-
ful for treating a variety of diseases that are mediated or
sustained by aldosterone activity, including renal disease,
diabetic nephropathy, cardiovascular diseases and fibrotic
disorders. This invention also relates to pharmaceutical com-
positions comprising these compounds, methods of using
these compounds in the treatment of various diseases and
disorders, processes for preparing these compounds and
intermediates useful in these processes.

BACKGROUND

Aldosterone is a steroid hormone having mineralcorticoid
activity. It is produced primarily by the adrenal glomerulosa
in response to angiotensin II, adrenocorticotropic hormone
and increased serum potassium levels. A primary physiologi-
cal role of aldosterone in the kidney is to maintain sodium and
potassium balance by regulating cation exchange (Na* reab-
sorption and K* secretion) in the distal nephron. However,
aldosterone has also been shown to be a pro-inflammatory
and profibrotic hormone in blood vessels, heart and kidneys.
The effects of aldosterone on gene expression are mediated
via binding to the mineralocorticoid receptor (MR) and a
canonical nuclear hormone receptor pathway. However, the
hormone also elicits rapid, non-genomic responses, including
acute regulation of the activity of tubular ion transporters, for
example Na*/H* exchangers (NHEs), H"-ATPase, ENaC,
and Na*/K* ATPase (D. W. Good, 2007, Hypertension, 49,
728-739). It is likely that some of these effects are mediated
by MR-independent pathways. Conversely, the MR can bind
alternative ligands, including deoxycorticosterone, corticos-
terone, cortisol and progesterone. Thus, inhibition of aldos-
terone synthesis is predicted to have a pharmacodynamic
profile distinct from what is observed with MR antagonists.

Aldosterone is synthesized in the zona glomerulosa of the
adrenal glands, where a single enzyme, CYP11B2 (aldoster-
one synthase), catalyses the 3-step conversion of 11-deoxy-
corticosterone (11-DOC) to aldosterone, via corticosterone
and 18-hydroxycorticosterone. Adrenal aldosterone synthase
activity is regulated by Angiotensin II and K+ levels and
unidentified adipocyte-derived mediators. Low levels of
aldosterone synthase have also been detected in the heart and
CNS, though the physiological relevance is uncertain, per-
haps relating to paracrine effects. Systemic aldosterone is
believed to derive essentially entirely from the adrenals.

Beyond its role in regulating sodium and potassium bal-
ance, aldosterone has been shown to have pro-inflammatory
and pro-fibrotic actions in multiple tissues including the kid-
ney, blood vessels and the heart. The harmful effects of inap-
propriate aldosterone levels on blood pressure and cardiac,
renal, cerebral and vascular function and structure, have been
widely reported in the literature, including: i) increase in
sodium retention through Na*/K* ATPase pump induction in
distal tubules resulting in volume expansion and high blood
pressure, ii) endothelial dysfunction, iii) oxidative stress, iv)
renal and cardiac hypertrophy, v) fibroblast proliferation, and,
vi) excessive synthesis of extracellular matrix resulting in
renal, cardiac and vascular fibrosis.

Benefits of aldosterone blockade/inhibition include reduc-
tion of kidney fibrosis and improvement of glomerular filtra-
tion rate and albuminuria in models of chronic kidney disease
(CKD) and diabetic nephropathy. This is supported by pre-
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clinical data (for example, Fiebler et al., 2005, Circulation,
111, 3087-3094; Lea et al., 2009, Kidney International, 75,
936-945). Other benefits reported in the literature include
decreased blood pressure and end-organ damage (heart, kid-
ney, vessels) in both renin-dependent and salt-sensitive
hypertension.

Although many of aldosterone’s known effects are medi-
ated through mineralcorticoid receptor (MR) activation, and
much of the evidence favoring targeting this pathway comes
from experiments with MR antagonists, non MR-mediated
effects are reported and knockout mice for MR and aldoster-
one synthase exhibit different phenotypes (Makhanova et al.
2006, Berger et al. 1998, Funder 2007). These observations
further suggest that aldosterone synthase inhibitors may have
a different profile and offer advantages compared to MR
antagonists.

For example, several aldosterone actions are not inhibited
by MR antagonists, including the including potentially del-
eterious effects on the vasculature (increased peripheral vas-
cular resistance), the heart (effects on myocardial re-polar-
ization) and the endocrine system (decreased insulin
secretion). Furthermore, MR antagonism leads to an increase
in circulating aldosterone, predicted to increase aldosterone
signaling via non-MR pathways and, potentially, partially
overcoming the MR blockade itself.

Current therapeutic strategies focus on slowing progres-
sion and treating conditions underlying diabetic nephropathy:
control of blood glucose and control of high blood pressure.
Angiotensin converting enzyme (ACE) inhibitors and angio-
tensin receptor blockers (ARB) have shown renal benefit in
diabetic patients. To date, representatives of the ACE inhibi-
tor class and from the ARB class have been approved for the
treatment of diabetic nephropathy. These therapies represent
limited benefit for the diabetic nephropathy patients.

Although the use of ACE inhibitors and ARBs represents
the current standard of care for patients with diabetic nephr-
opathy, patients progressively lose kidney function while on
these medications, as seen in the IDNT (E. J. Lewis et al.,
2001, N. Engl. J. Med., 345, 851-860) and RENAAL (B. M.
Brenner et al., 2001, N. Engl. J. Med., 345, 861-869) studies,
which reported a decrease over time in estimated glomerular
filtration rate, which is an accurate measure of chronic kidney
disease progression in patients treated by these conventional
methods. At stage 5 chronic kidney disease, renal replace-
ment therapy is required, in the form of either dialysis or
transplant.

Aldosterone synthase inhibition may also be predicted to
offer advantages as add-on therapy with ACE inhibitors and
ARBs. Notably, 25-50% of patients receiving these agents
experience “aldosterone breakthrough” in which aldosterone
levels initially lowered by these treatments eventually return
to pretreatment levels. This phenomenon would not occur
with direct aldosterone synthase inhibition and could enhance
efficacy in combination therapy.

There remains a high unmet medical need to treat diabetic
nephropathy, to halt or regress disease progression by specifi-
cally targeting the underlying pathophysiological mecha-
nisms associated with chronic inflammation and fibrosis, irre-
spective of the original cause of the disease and when
co-administered with current therapies. The studies described
above and in the literature provide evidence that inhibitors of
aldosterone synthesis will be useful for the treatment of dia-
betic kidney disease including diabetic nephropathy; non-
diabetic kidney disease including glomerulosclerosis, glom-
erulonephritis, IGA nephropathy, nephritic syndrome and
focal segmental glomerulosclerosis (FSGS); cardiovascular
diseases including hypertension, pulmonary arterial hyper-
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tension, Conn’s syndrome, systolic heart failure, diastolic
heart failure, left ventricular dysfunction, left ventricular
stiffness and fibrosis, left ventricular filing abnormalities,
arterial stiffness, atherosclerosis and cardiovascular morbid-
ity associated with primary or secondary hyperaldoster-
onism; adrenal hyperplasia and primary and secondary
hyperaldosteronism.

BRIEF SUMMARY OF THE INVENTION

The present invention provides novel compounds that
inhibit aldosterone synthase and thus useful for treating a
variety of diseases and disorders that can be alleviated by
lowering levels of aldosterone including renal disease, dia-
betic nephropathy, cardiovascular diseases and fibrotic disor-
ders. This invention also relates to pharmaceutical composi-
tions comprising these compounds, methods of using these
compounds in the treatment of various diseases and disorders,
processes for preparing these compounds and intermediates
useful in these processes.

DETAILED DESCRIPTION OF THE INVENTION

In an embodiment, there are provided compounds of the
formula I

wherein:
R! is selected from —NH,,
X is selected from C and O;

Y and W are selected from C and N, wherein if Y is N, then W
is C and R*is an electron pair and if Wis N, thenY is C and
R? is an electron pair;

R? and R? are independently selected from —H, —F, —OH
and C,_, alkyl, when X is C; R* and R? is an electron pair
when X is O;

R* is the group of —(CR“RZ’)F(A)O_I(CR“RZ’) ,B> Wherein:
p and q are independently selected from integers between 0
and 5, but p+q is always equal or less than 6;
A is selected from O, S and NR?;
B is selected from:
—H;
—OH;
—CN;
halogen;
—SO,R";
—C(O)R%
—CO,R";
—NRSO,R%;
—SO,NRRY;

— NHCH, and —CH,;
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—CONR°R%,
—NR°COR%

N 0
A
N \Nél\

o R¢

R4

—NR°R?,

-Phenyl, optionally substituted with 1 to 3 groups selected
from halogen, —CN, —CH,CN, —NRC(O)R?,
—80,C, _salkyl, —C(O)NRR?, C,_salkoxy,
—SO,NRRY, —CO,R°, —NR°SO,R?, —(CH,), .5
S0O,C, ;alkyl and C, jalkyl, wherein said C, jalkyl is
optionally substituted with —OH, halogen or —OCHS;;

-heteroaryl optionally substituted with 1 to 2 groups inde-
pendently selected from, —OH, C,_ jalkoxy,
—(CH,)y_,morpholin-4-yl and C, salkyl wherein said
C,_salkyl is optionally substituted with —OH, —CN,
C, salkoxy-N(R®),, —CON(R?),, —SO,C, jalkyl,
—SO,N(R?), or halogen; and

—C;_, cycloalkyl, optionally partially unsaturated,
wherein up to 3 ring constituting carbons of the
cycloalkyl can be optionally replaced with a group
selected from O, S, N, NR®, SO, SO, and CO; and
wherein the resulting cycloalkyl or heterocyclyl is
optionally substituted with 1 to 3 groups selected from
—OH, oxo,—CN, C,_;alkoxy, —N(R?),, —CON(R®),,
—CO,C,_,alkyl, —C(O)C,_jalkyl, —SO,C,_jalkyl,
—SO,N(R®),, halogen and C, salkyl, wherein the
C, _salkyl is optionally substituted with —OH;

R’ is selected from

—H;

—C, salkyl optionally substituted with —OH, oxo,
—O0C, _galkyl or —OCH,phenyl;

—C,_¢ cycloalkyl, wherein up to 3 ring constituting car-
bons can be optionally replaced with a group selected
from O, S, N, NR?, SO, SO, or CO and wherein the
resulting cycloalkyl or heterocyclyl is optionally substi-
tuted with —OH, —CN, halogen or C,_;alkyl, wherein
the C,_;alkyl is optionally substituted with —OH;

—CO,R%;

—CN;

—CF;;

-halogen;

—(CRR?),.,OC _zalkyl;

—C(O)NRRY,

—CH,Ophenyl, wherein the phenyl is optionally substi-
tuted with halogen;

-Phenyl, optionally substituted with halogen or SO,C,_
salkyl;

—CR°R®NHR?®; and

-heteroaryl, optionally substituted with C, ;alkyl;

R® and R’ are independently selected from H, —Cl, —F,

—CN and —CHj;

wherein at least one of R® or R7 is H;
R“ and R” are independently selected from

—H;

—C,_galkyl;

—C,_,cycloalkyl wherein up to 3 ring constituting carbons
can be optionally replaced with a group selected from O,
S, NR?, SO, SO, and CO;

—OH;

—CN;
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-halogen; and

—OC, _;alkyl; or
R“and R?, attached to the same or different atom, along with

the atoms that they are attached to can form a C;_,cy-

cloalkyl ring in which up to 3 ring constituting carbon
atoms can be optionally replaced with a group selected
from O, S, NR?, SO, SO, and CO;
R and R are independently selected from:
—H;
—C, _salkyl optionally substituted with—OH, oxo, —CN,
C, _salkoxyl, —N(R®),, —CON(R?),, —SO,C, ;alkyl,
—SO,N(R®),, halogen, heterocyclyl or heteroaryl;

—C,_,cycloalkyl optionally substituted with —OH,
—CN, C, salkyl, C, jalkoxyl, —N(R?),, —CON(R®),,
—S0,C, _salkyl, —SO,N(R?), or halogen; wherein up
to 3 ring constituting carbon atoms of the ring can be
optionally replaced with a group selected from O, S,
NR?, SO, SO, and CO;

—(CH,),_,phenyl, optionally substituted with 1 to 3
groups selected from —OH, —CN, C, salkyl,
C, salkoxyl, —N(R?®),, —CON(R?®),, —SO,C, ;alkyl,
—SO,N(R?), and halogen;

-heteroaryl optionally substituted with 1 to 2 groups inde-
pendently selected from —OH, —CN, C, salkyl,
C, _salkoxyl, —N(R®),, —CON(R?),, —SO,C, ;alkyl,
—SO,N(R®), and halogen;

—S0,C, _;alkyl; and

—CO0,C, ;alkyl; or
R and R¥ along with the atoms that they are attached to can

form a C;_,cycloalkyl ring in which up to 3 ring constitut-

ing carbon atoms can be optionally replaced by O, S, N,

NR?, SO, SO, or CO, wherein the cycloalkyl or heterocy-

clyl ring formed can be optionally substituted with one to

three groups selected from —OH, —CN, C, qalkyl,

C, jalkoxyl, —N(R?),, —CON(R®),, —SO,C, ;alkyl,

—SO,N(R?), and halogen, wherein if the ring is substi-

tuted with two groups on the same carbon, the groups may

join to form a spiro ring;

each R® is independently selected from:

—H;

—C, _salkyl optionally substituted with —OH, —CN or

halogen;

—COC,_;alkyl;

—CO,C, ,alkyl; and

—S0,C, ;alkyl;
mis Oorl;and
nisOorl;
wherein if m is 1, thennis 1 and X is O;
or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to the embodiment
above and wherein
R! is selected from —NH,, —NHCH, and —CH,;

X is selected from C and O;

Y and W are selected from C and N, wherein if Y is N, then W
is C and R*is an electron pair and if W is N, thenY is C and
R? is an electron pair;

R? and R? are independently selected from —H, —F, —OH
and C,_, alkyl, when X is C; R* and R? is an electron pair
when X is O;

R* is the group of —(CR°R? )p(A)O_l(CR“Rb ),B, wherein:

p and q are independently selected from integers between 0
and 5, but p+q is always equal or less than 6;

A is selected from O, S and NR?;

B is selected from:

—H;

—OH;
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—CN;
halogen;
—SO,R%;
—C(O)RS;
—CO,R%;
—NR°SO,R%
—SO,NR°R
—CONR°R%,
—NR°COR%

—NR°R?,

-Phenyl, optionally substituted with 1 to 3 groups selected
from halogen, —CN, —CH,CN, —NR°C(O)R?,
—S0,C, salkyl, —C(O)NRRY, C, _,alkoxy,
—SO,NRR?, —CO,R", —NR SO, R™—
(CH,),.580,C, salkyl and C, jalkyl, wherein said
C, _salkyl is optionally substituted with —OH, halogen

or —OCHg;
-heteroaryl optionally substituted with 1 to 2 groups inde-
pendently selected from, —OH, C, jalkoxy,

—(CH,),_,morpholin-4-yl and C, ;alkyl wherein said
C,_salkyl is optionally substituted with —OH, —CN,
C, salkoxy-N(R®),, —CON(R?),, —SO,C, jalkyl,
—SO,N(R?), or halogen; and

—C;_, cycloalkyl, optionally partially unsaturated,
wherein up to 3 ring constituting carbons of the
cycloalkyl can be optionally replaced with a group
selected from O, S, NR®, SO, SO, or CO; and wherein
the resulting cycloalkyl or heterocyclyl is optionally
substituted with 1 to 3 groups selected from —OH, oxo,
—CN, C, _salkoxy, —N(R?),, —CON(R?),,
—CO,C,_,alkyl, —C(O)C,_jalkyl, —SO,C,_jalkyl,
—SO,N(R®),, halogen and C, salkyl, wherein the
C, _salkyl is optionally substituted with —OH;

R’ is selected from

—H;

—C, _salkyl optionally substituted with —OH;

—C,_¢ cycloalkyl, wherein up to 3 ring constituting car-
bons can be optionally replaced with a group selected
from O, S, NR® SO, SO, and CO and wherein the
resulting cycloalkyl or heterocyclyl is optionally substi-
tuted with —OH, —CN, halogen or C,_jalkyl, wherein
the C,_;alkyl is optionally substituted with —OH;

—CO,R%

—CN;

—CF3;

-halogen;

—(CRR"),,OC, _salkyl;

—C(O)NR“RY,

—CH,Ophenyl, wherein the phenyl is optionally substi-
tuted with halogen;

-Phenyl, optionally
SO,C, alkyl;

—CR“R’NHR®; and

-heteroaryl, optionally substituted with C,_;alkyl;

RSis H;
R7is H;
R“ and R” are independently selected from

—H;

—C,_ealkyl;

substituted with halogen or
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—C,_,cycloalkyl wherein up to 3 ring constituting carbons
can be optionally replaced with a group selected from O,
S, NR?, SO, SO, and CO;

—OH;

—CN;

-halogen; and

—OC, _;alkyl; or

R“and R?, attached to the same or different atom, along with
the atoms that they are attached to can form a C,_,cy-
cloalkyl ring in which up to 3 ring constituting carbon
atoms can be optionally replaced with a group selected
from O, S, NR®, SO, SO, and CO;

R and R are independently selected from:

—H;

—C, _salkyl optionally substituted with—OH, oxo, —CN,
C, salkoxyl, —N(R?®),, —CON(R?®),, —SO,C, ;alkyl,
—SO,N(R?), or halogen;

—C,_,cycloalkyl optionally substituted with —OH,
—=CN, C, salkyl, C, jalkoxyl, —N(R?),, —CON(R?),,
—S0,C, _salkyl, —SO,N(R?), or halogen; wherein up
to 3 ring constituting carbon atoms of the ring can be
optionally replaced with a group selected from O, S,
NR?, SO, SO, and CO;

—(CH,),_,phenyl, optionally substituted with 1 to 3
groups selected from —OH, —CN, C, salkyl,
C,_salkoxyl, —N(R®),, —CON(R?),, —SO,C, ;alkyl,
—SO,N(R?), and halogen;

-heteroaryl optionally substituted with 1 to 2 groups inde-
pendently selected from —OH, —CN, C, salkyl,
C, salkoxyl, —N(R?®),, —CON(R?®),, —SO,C, ;alkyl,
—SO,N(R?), and halogen;

—S0,C, _;alkyl; and

—CO0,C, ;alkyl; or

R and R¥ along with the atoms that they are attached to can
form a C;_,cycloalkyl ring in which up to 3 ring constitut-
ing carbon atoms can be optionally replaced by O, S, NR®,

SO, SO, or CO, wherein the cycloalkyl or heterocyclyl ring

formed can be optionally substituted with —OH, —CN,

C, qalkyl, Cjalkoxyl, —N(R?),, —CON(R?),,
—S0,C, jalkyl, —SO,N(R®), or halogen;
each R® is independently selected from:
—H;
—C, _salkyl optionally substituted with —OH, —CN or
halogen;
—COC,_;alkyl;
—CO,C, ,alkyl; and
—S0,C, ;alkyl;
mis Oorl;and
nisOorl;
wherein if m is 1, thennis 1 and X is O;

or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:

R! is selected from —NH, and —CHS,;
R? and R? are independently selected from —H, —F and

—OH, when X is C; R? and R? is an electron pair when X

is O;

R* is selected from

—H;

—OH;

—(CH,),.,CN;

—C, qalkyl, optionally substituted with one to seven groups
independently selected from halogen, —OH or —OCH;;

—OC, _,alkyl, optionally substituted with —OH;

-halogen;

—CF3;
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8

—(CH,)o.1(0)0.1(CH,)0.580,C, ;alkyl;

—C(0)C, ;alkyl;

—CO,R%;

—C,_,alkyl-NHSO,C, ;alkyl;

—Cy_,alkyl-NHC(O)NHC, ,alkyl;

*(O)o-1(CH2)0.150)0.1C(O)NRCR0];

—(CH,)o_,NRR%;

—(0),.,(CH,),_;(0),_;phenyl, optionally substituted with 1
to 3 groups selected from halogen, —CN, —CH,CN,
—NHC(0)C, jalkyl, —SO,C, jalkyl, —C(O)NR“R?,
hydroxyC,_,alkoxy, C, jalkoxy, C(O)morphilin-4-yl,
—SO,NH(CH,), ;OH, —SO,NR°R* and C, jalkyl
optionally substituted with —OH or —OCH;;

—(0),.,(CH,),_sheteroaryl selected from indolyl, pyridinyl,
pyrazolyl, pyrazinyl, and pyrimidinyl, wherein said het-
eroaryl is optionally substituted with one to two groups
independently selected from C,_jalkyl,—OH, C, ;alkoxy,
hydroxymethyl, —CO,C, ,alkyl, —C(O)C, jalkyl and
—(CH,),_,morpholin-4-yl;

—0,_,(CH,), 5(0),_;heterocyclyl, wherein the heterocyclyl
is selected from 3,6-dihydro-2H-thiopyranyl, 3,6-dihydro-
2H-pyranyl, oxetanyl, tetrahydrofuranyl, tetrahydropyra-
nyl, 1,2,3,6-tetrahydropyridinyl, 3,6-dihydro-2H-thiopy-
ranyl-1,1-dioxide, tetrahydrothiopyranyl-1,1-dioxide,
piperidinyl, morpholinyl, piperazinyl and pyrrolidinyl;

wherein said heterocyclyl is optionally substituted with a
group selected from —C(O)C, jalkyl, —OH, oxo,
—(CH,), _,morpholin-4-yl, —CO,C, ,alkyl and C, jalkyl
optionally substituted with —OH or —OCHj;

—C(O)heterocyclyl, wherein the heterocyclyl is selected
from morpholin-4-yl, pyrrolidinyl and piperidin-1-yl; and

—(CH,)o., O(CH,), sheterocyclyl, wherein the heterocyclyl
is selected from morpholin-4-yl, pyrrolidinyl and piperi-
din-1-yl; and

—C,_¢cycloalkyl, optionally substituted 1 to 3 groups
selected from OH—CN, C, .alkyl, C, jalkoxyl, and halo-
gen;

R? is selected from

—H;

—C,_salkyl;

—CO,C, salkyl;

—CN;

—O0C, _;alkyl;

—CH,0C, _;alkyl;

—C(O)NH,;

—C, ,alkyl-OH;

—CH(OH)C, ;alkyl;

—CH,Ophenyl, wherein the phenyl is optionally substituted
with halogen;

-Phenyl, optionally substituted with halogen or
SO,C, _salkyl;

—CH,NHR; and

-pyrazolyl, optionally substituted with C, jalkyl;

R®is H;

R”is H; and

R¢ and R are independently selected from

H, C, _salkyl, —C(0O)C, _salkyl, —(CH,),_;0H,
—(CH,),_ sNHC(O)C, _;alkyl, —CH,phenyl, and

—S0,C, »alkyl;
or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:

R'is —NH,;
Xis C;
Y and W are C;
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R? and R? are H;

R* is selected from

—H;

—OH;

—(CH,),.,CN;

—C, qalkyl, optionally substituted with one to four groups
independently selected from —F, —OH or —OCH;

-halogen selected from —F and —Cl;

—CF5;

—C(0)C, _salkyl;

—C,_,alkyl-NHSO,C, ;alkyl;

—(0)o.,(CH,),.,(0).,C(O)NR°RY,

—0Oy.1(CH,)g_5(0)y_;heterocyclyl, wherein the heterocyclyl
is selected from 3,6-dihydro-2H-thiopyranyl, 3,6-dihydro-
2H-pyranyl, oxetanyl, tetrahydrofuranyl, tetrahydropyra-
nyl, 1,2,3,6-tetrahydropyridinyl, 3,6-dihydro-2H-thiopy-
ranyl-1,1-dioxide, tetrahydrothiopyranyl-1,1-dioxide,
piperidinyl, morpholinyl, piperazinyl and pyrrolidinyl;

wherein said heterocyclyl is optionally substituted with a
group selected from —C(O)C, jalkyl, —OH, oxo,
—(CH,), _,morpholin-4-yl,—CO,C, ,alkyl and C, ;alkyl
optionally substituted with —OH or —OCH;; and

—(CH,)o.;C(O)heterocyclyl, wherein the heterocyclyl is
selected from morpholin-4-yl, pyrrolidinyl and piperidin-
1-yl; and

R? is selected from

—H;

—C,_zalkyl;

—CF;

-halogen;
—CH(OH)C, _;alkyl;
-Phenyl, optionally

SO,C, ;alkyl; and

—CH,NHRS,

RSis H;

R7 is selected from —H and —CH,; and

R and R are independently selected from

H, C,_ealkyl, —C(0)C, _jalkyl, —(CH,), ;0H,
—(CH,),_sNHC(O)C, ;alkyl, —CH,phenyl, and
—S0,C, alkyl;

m is 0; and

nisl;

or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:

R*is H;

RSis H; and

R’ is H;

or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:

substituted with  halogen or
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R%is H;
R%is H; and
R7is H;
or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:
nis1;

R%is H; and
R7is H;
or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:
m=0;

R%is H; and
R7is H;
or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:

W andY are C;
R%is H; and
R7is H;

or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:

Xis C;

RSis H;

R’ is H; and

or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:

R'is —NH,;
RSis H;

R’ is H; and

or a salt thereof.

In another embodiment there are provided compounds of
the formula I as described according to any of the embodi-
ments herein and wherein:

R is selected from H, —Cl, —F, and —CH,; and
R” is selected from H, —CH, and —CN,

wherein at least one of R or R7 is H;

or a salt thereof.

In another aspect of the invention, there is provided a
compound of the general formula I or a pharmaceutically
acceptable salt thereof for use in a therapeutic method as
described hereinbefore and hereinafter

The following are representative compounds of the inven-
tion which can be made by the general synthetic schemes, the
examples, and known methods in the art.

TABLE 1
Cpd
No STRUCTURE Name
1 N 5-Pyridin-3-yl-2,3-dihydro-pyrrolo[2,3-
z b]pyridine-1-carboxylic acid amide
S N
N |
/
N
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TABLE 1-continued

Cpd
No STRUCTURE Name
2 N. 6-Pyridin-3-yl-3,4-dihydro-2H-
x [1,8]napthyridine-1-carboxylic acid
| amide
F F
x
N N
O)\ NI,
3 N. 1-(6-Pyridine-3-yl-3,4-dihydro-2H-
| x [1,8]naphthyridin-1-yl)-ethanone
F s
x
N N
O)\
4 N, 1-(5-Pyridin-3-yl-2,3-dihydro-pyrrolo[2,3-
| \ b]pyridin-1-yl)-ethanone
F F
x
N N
O)\
5 N, 6-(4-Methyl-pyridin-3-yl)-3,4-dihydro-2H-
A [1,8]naphthyridine-1-carboxylic acid
| amide
F A
x
N N
O)\ NI,
6 N, 6-(5-Chloro-pyridin-3-yl)-3,4-dihydro-2H-
1,8]naphthyridine-1-carboxylic aci
= hthyridi boxylic acid
| amide
7 | ZNa
x
N N
o)\ NH,
7 N, 1-(7-Pyridin-3-yl-2,3-dihydro-pyrido[3,2-
| S b][1,4]oxazin-4-yl)-ethanone
F A
x
N N

°>\~
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TABLE 1-continued

Cpd
No STRUCTURE Name

8 N, 7-Pyridin-3-yl-2,3-dihydro-pyrido[3,2-b]
| x [1,4]oxazin-4-carboxylic acid amide

9 N, 6-(5-Methoxy-pyridin-3-yl)-3 4-dihydro-
x 2H-[1,8]naphthyridine-1-carboxylic acid
| amide

10 N, 6-(5-Fluoro-pyridin-3-yl)-3,4-dihydro-2H-
x [1,8]naphthyridine-1-carboxylic acid
amide

6-(5-Cyanomethyl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

12 N. 6-(5-Methanesulfonyl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

13 N, 6-Pyrimidin-5-yl-3,4-dihydro-2H-
x [1,8]naphthyridine-1-carboxylic acid
amide
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TABLE 1-continued

Cpd
No STRUCTURE Name
14 6-(5-Phenyl-pyridin-3-yl)-3 4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide
15 6-(5-Trifluoromethyl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
16 N, 6-(5-Methoxymethyl-pyridin-3-yl)-3,4-
\ dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
F F
A | O
N N ™~
o)\ NIL
17 N, 1-[6-(5-Fluoro-pyridin-3-yl)-3 4-dihydro-
| x 2H-[1,8]naphthyridin-1-yl]-ethanone
F | s
x>
N N
o)\ NIL
18 N. 6-(5-Acetyl-pyridin-3-yl)-3,4-dihydro-2H-
\ [1,8]naphthyridine-1-carboxylic acid
| amide
F F O
S
N N
o)\ NIL
19 N, 6-[5-(1-Hydroxy-ethyl)-pyridin-3-yl]-3,4-
S dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
F P OH
x>
N N
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Cpd
No STRUCTURE Name

20 6-(5-Methyl-pyridin-3-yl)-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid

amide

21 5-(8-Carbamoyl-5,6,7,8-tetrahydro-

[1,8]naphthyridin-3-yl)-nicotinic acid

22 6-(4-Cyano-pyridin-3-yl)-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid

amide

23 5-(8-Carbamoyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-yl)-nicotinic acid

methyl ester

24 6-[5-(1-Methyl-1H-indol-2-yl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

25 6-(4-Fluoro-pyridin-3-yl)-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid

amide



US 9,181,272 B2

TABLE 1-continued

Cpd
No STRUCTURE Name
26 N. 6-(5-Cyano-pyridin-3-yl)-3,4-dihydro-2H-
x [1,8]naphthyridine-1-carboxylic acid
| amide
F / S
| N
x
N N
o)\ NIL
27 N, 7-(5-Fluoro-pyridin-3-yl)-2,3-dihydro-
x pyrido[3,2-b][1,4]oxazine-4-carboxylic
| acid amide
O
s | S
x
N N
o)\ NH,
28 N, 1-[7-(5-Fluoro-pyridin-3-yl)-2,3-dihydro-
| A pyrido[3,2-b][1,4]oxazin-4-yl]-ethanone
e}
Vs | S
x
N N
O)\
29 N 6-(4-Chloro-pyridin-3-yl)-3,4-dihydro-2H-
A [1,8]naphthyridine-1-carboxylic acid
| amide
F S
X | Cl
N N
O)\ NI,
30 N 6-Pyrazin-2-yl-3,4-dihydro-2H-
S [1,8]naphthyridine-1-carboxylic acid
| amide
P
= | N
x
N N
31 6-[5-(4-Fluoro-phenyl)-pyridin-3-yl]-3,4-

dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
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Cpd
No STRUCTURE Name

32 6-[5-(1-Methyl-1H-pyrazol-4-yl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-

1-carboxylic acid amide

33 6-[5-fluoro-4-((R)-1-hydroxy-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

34 6-[5-fluoro-4-((S)-1-hydroxy-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

35 6-[4-(4-fluoro-phenyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

36 6-[4-(1-Methyl-1H-pyrazol-4-yl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-

1-carboxylic acid amide
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Cpd

No STRUCTURE Name
37 6-[4-(4-Methanesulfonyl-phenyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid amide
38 6-[5-(4-Methanesulfonyl-phenyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid amide
39 N. 6-(5-Carbamoyl-pyridin-3-yl)-3,4-
X dihydro-2H-[1,8]naphthyridine-
| 1-carboxylic acid amide
F P NH,
xn | (6]
N N
O)\ NI,
40 N, 6-[5-(acetylamino-methyl)-pyridin-3-yl]-
X 3,4-dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
s F
X | HN
o g
)\ o
O NH,
41 N. 6-[5-(ethanesulfonylamino-methyl)-
X pyridin-3-yl]-3,4-dihydro-2H-
| [1,8]naphthyridine-1-carboxylic acid
/ / amide
. | HN
N N ; s N
ol
¢}
O NH,
42 N, 6-(5-hydroxymethyl-pyridin-3-yl)-3,4-
S dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
F F OH
x
N N
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Cpd
No STRUCTURE Name

43 4,4-Difluoro-6-pyridin-3-yl-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid

amide

44 N 4-Hydroxy-6-pyridin-3-yl-3,4-dihydro-2H-
4 [1,8]naphthyridine-1-carboxylic acid
amide

45 6-[5-(3,6-Dihydro-2H-pyran-4-yl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-

1-carboxylic acid amide

. 6-[5-(3,6-Dihydro-2H-thiopyran-4-yl)-
pytidin-3-y1]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

47 5-(8-Carbamoyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-yl)-3',6"-dihydro-2'H-
[3,4'bipyridinyl-1"-carboxylic acid tert-
butyl ester

48 6-[5-(Tetrahydro-pyran-4-yl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide
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Cpd
No STRUCTURE Name

49 3-(5-trifluoromethyl-pyridin-3-yl)-7,8-
dihydro-5H-6-oxa-1,9-diaza-
benzocycloheptene-9-carboxylic acid

amide

50 6-(4-Methoxy-pyridin-3-yl)-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid

amide

51 3-(8-Carbamoyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-yl)-isonicotinic acid

methyl ester

52 6-[4-Cyano-5-(1-methyl-1H-indol-2-yl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

53 6-[4-(Acetylamino-methyl)-pyridin-3-yl]-
3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

54 6-(4-Methoxymethyl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide
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Cpd
No STRUCTURE Name

55 6-{5-[4-(Morpholine-4-carbonyl)-phenyl]-
pyridin-3-yl}-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

56 6-[5-(4-Fluoro-phenoxymethyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

57 6-[5-(4-Methylcarbamoyl-phenyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-

1-carboxylic acid amide

58 6-(1',2",3' 4,5 6"-Hexahydro-
[3,4'bipyridinyl-5-y1)-3 ,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

59 6-[5-(1,1-Dioxo-1,2,3,6-tetrahydro-
11lambda6-thiopyran-4-yl)-pyridin-3-yl]-
3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

60 6-[5-(1,1-Dioxo-hexahydro-11ambda6-
thiopyran-4-yl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic
acid amide
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Cpd
No STRUCTURE Name
61 6-[4-(Ethanesulfonylamino-methyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide
62 6-[4-(4-Fluoro-phenoxymethyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
F
63 6-[5-(4-Dimethylcarbamoyl-phenyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide
64 6-[5-(1-Hydroxy-1-methyl-ethyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid amide
65 6-[5-(4-Carbamoyl-phenyl)-pyridin-3-yl1]-

3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

NI,
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Cpd
No STRUCTURE Name

66 N. 6-[5-(3-Methanesulfonyl-propoxymethyl)-
X pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
F amide
| o 0

\/

67 6-(4-Trifluoromethyl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

NH,

68 N 6-(4-Hydroxymethyl-pyridin-3-yl1)-3,4-
= dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

/
/

NH, N

\

69 6-(4-Carbamoyl-pyridin-3-yl)-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid

amide

70 6-(5-Benzyloxy-pyridin-3-yl)-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid

amide

71 6-{5-[4-(2-Hydroxy-ethylcarbamoyl)-
phenyl]-pyridin-3-yl1}-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide
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Cpd
No STRUCTURE Name

6-{5-[4-(2-Acetylamino-ethylcarbamoyl)-
phenyl]-pyridin-3-yl1}-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

73 6-[5-(1-Acetyl-piperidin-4-yloxymethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

74 6-(5-Dimethylcarbamoylmethyl-pyridin-3-
y1)-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

75 1-[6-(5-Trifluoromethyl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridin-1-yl]-

ethanone

76 6-[5-(Tetrahydro-pyran-4-yloxymethyl)-
pyridin-3-yl]-3,4-dihydo-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

77 6-(5-Dimethylcarbamoylmethoxymethyl-
pyridin-3-yl)-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide
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Cpd
No STRUCTURE Name

78 6-[5-(4-Hydroxy-tetrahydro-pyran-4-yl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

79 6-(1"-Acetyl-1',2",3'4",5",6"-hexahydro-
[3,4'bipyridinyl-5-y1)-3 ,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

80 6-(5-Hydroxy-pyridin-3-yl)-3 4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid

amide

81 6-[5-(Tetrahydro-pyran-4-ylmethoxy)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

82 N 6-[5-(3-Methanesulfonyl-propoxy)-
“ pyridin-3-y1]-3,4-dihydro-2H-
| [1,8]naphthyridine-1-carboxylic acid

amide
N NTONY A

Ay A

83 N 6-[5-(1-Acetyl-piperidin-4-yloxy)-pyridin-
z 3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-
| 1-carboxylic acid amide

(6] N
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Cpd
No STRUCTURE Name

84 5-(5-Trifluoromethyl-pyridin-3-yl)-2,3-
dihydro-pyrrolo[2,3-b]pyridine-1-

carboxylic acid amide

85 6-[5-(2-Hydroxy-2-methyl-
propoxymethyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid

amide

86 6-[5-(3-Methanesulfonyl-propyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-

1-carboxylic acid amide

87 6-(5-Morpholin-4-ylmethyl-pyridin-3-yl)-
3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

88 6-[5-(3-Oxo-piperazin-1-ylmethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

89 6-[5-(3-Hydroxy-pyrrolidin-1-ylmethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide
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Cpd
No STRUCTURE Name

20 6-(5-Morpholin-4-yl-pyridin-3-yl1)-3,4-

N
z dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
(\ N x | x
O\) Z
N

N
O)\ NH,
6-[5-(2,2,2-Trifluoro-1-hydroxy-1-

N
F Z methyl-ethyl)-pyridin-3-yl]-3,4-
F | dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
F A | X
OH =
N

N
O)\ NH,

91

92 6-[5-(4-Methyl-piperazin-1-yl)-
pyridin-3-yl]-3,4-dihydro-2H-[1,8]

| naphthyridine-1-carboxylic acid

N
4
(\ N AN N amide
NQ |

o)
>¥Z

Z

&

93 N 6-[4-(1-Hydroxy-1-methyl-ethyl)-3,4,5,6-
= tetrahydro-2H-[1,3"]bipyridinyl-
| 5-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid
N | A amide

HO

94 6-[5-(1-Hydroxy-cyclobutyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

NH,

95 6-[5-(2-Hydroxy-1,1-dimethyl-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide
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44

Cpd
No

STRUCTURE

Name

96

97

98

99

100

101

N

5-[5-(1-Acetyl-piperidin-4-yloxymethyl)-
pyridin-3-yl]-2,3-dihydro-pyrrolo[2,3-
blpyridine-1-carboxylic acid amide

6-[5-(1-Hydroxy-2-methyl-propyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid amide

6-[5-(2-Morpholin-4-yl-ethoxymethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Methoxy-1-methyl-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid
amide

6-[5-(1-Hydroxy-1,2-dimethyl-propyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide

1-{4-[5-(8-Acetyl-5,6,7 8-tetrahydro-
[1,8]naphthyridin-3-yl)-pyridin-3-
ylmethoxy]-piperidin-1-yl}-ethanone
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Cpd
No STRUCTURE Name
102 6-[5-(3-Hydroxy-oxetan-3-yl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
O
103 6-Pyridin-3-yl-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
methylamide
e}
104 H>N. O 6-[5-(Pyrrolidine-1-carbonyl)-
pyridin-3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid
N N amide
N | =
o / | /
x
N
105 | 6-(5-Methanesulfonylamino-pyridin-
3-y1)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid
amide
106 HN O 6-(5-Phenoxy-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
N, N
[
¢}
F | e
x>
N
107 H>N. O 6-[5-(Benzyl-methyl-amino)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid
N N amide
[
N
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Cpd
No STRUCTURE Name
108 H,N O 6-(5-Dimethylamino-pyridin-3-yl)-
3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid amide
N N
| [
N
- | AN /
F
N
109 H,N. O 6-(5-Methylcarbamoyl-pyridin-3-yl)-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
N N
S |
o | N F
=
N
110 H,N O 6-(5-Acetylamino-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
O N N
P
N
111 (0] H,N. (0] 6-[5-(Morpholine-4-carbonyl)-
pyridin-3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid
N, N amide
N | =
o s | P
x
N
112 6-(4-Ethoxy-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
113 N, NH, 6-(6-Amino-pyridin-3-yl)-3,4-
\ dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
Vs A
x
N N
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Cpd
No STRUCTURE Name
114 6-(6-Chloro-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
115 H,N (6] 6-(5-Pyrrolidine-1-yl-pyridin-3-yl)-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
N N
<j ®
N
F | a
-
N
116 H,N O 6-(5-Benzylamino-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
N N
[
HN
F | #
x
N
117 6-(5-Ethyl-pyridin-3-y1)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
118 6-[5-(4-Cyano-phenyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
119 6-[3,3"|Bipyridinyl-5-yl-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide
120 6-[5-(3-Ethoxy-phenyl)-pyridin-3-yl]-3,4-

dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
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Cpd
No STRUCTURE Name
121 6-[5-(3-Cyano-phenyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
O, N
NH, N F
AN [
| Sy
=
N
122 HoN (6] 6-[5-(2-Carbamoyl-phenyl)-pyridin-3-y1]-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
123 N. 6-(6'-Methoxy-[3,3']bipyridinyl-5-y1)-3,4-
\ dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
/
124 6-[5-(2-Cyano-phenyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
125 6-(6'-Hydroxy-[3,3'|bipyridinyl-5-yl1)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
126 6-[5-(3-Carbamoyl-phenyl)-pyridin-3-yl1]-

3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
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Cpd
No STRUCTURE Name
127 6-[5-(3-Methoxymethyl-phenyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
128 6-[5-(2-Methoxymethyl-phenyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
129 6-[5-(1,5-Dimethyl-1H-pyrazol-4-yl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid
amide
130 6-[5-(3-Acetylamino-phenyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
131 6-[5-(4-Sulfamoyl-phenyl)-pyridin-3-yl]-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
132 6-(6"-Hydroxymethyl-[3,3Tbipyridinyl-5-

y1)-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
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Cpd
No STRUCTURE

Name

133 HZNYO
N

o] N N N,
NIV |\
= % oz
o
N

134
o)
135
o)
136 N
A
o) N
NH, N _z
AN
=
N
137
o)
138

6-{5-[1-(2-Morpholin-4-yl-ethyl)-1H-
pyrazol-4-yl]-pyridin-3-yl1}-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic
acid amide

6-[5-(3-Methylsulfamoyl-phenyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid amide

6-(6'-Methyl-[3,3"bipyridinyl-5-y1)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(3-Cyanomethyl-phenyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-(2'-Methyl-[3,4"bipyridinyl-5-y1)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-(5-Pyrimidin-5-yl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
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Cpd
No STRUCTURE Name
139 6-[5-(4-Ethoxy-phenyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
o N o carboxylic acid amide
NH, N F
AN
P
N
140 6-[5-(4-Hydroxymethyl-phenyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-
o N 1-carboxylic acid amide
Y | AN o
NH, N Y
x
FZ
N
141 OH 6-[5-(3-Hydroxymethyl-phenyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid amide
O, N
Y x
NH, N /
=
=
N
142 6-[5-(4-Cyanomethyl-phenyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid amide
O, N N
| Ny
NH, N F
AN
=
N
143 HN O 6-[5-(2-Methanesulfonyl-phenyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid amide
144 6-[5-(2-Hydroxymethyl-phenyl)-pyridin-3-
[5-(2-Hydroxymethyl-phenyl)-py

y1]-3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid amide
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No STRUCTURE Name

145 6-[5-(1,3-Dimethyl-1H-pyrazol-4-yl)-
pyridin-3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid

amide

146 6-[5-(3,5-Dimethyl-1H-pyrazol-4-yl)-
pyridin-3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic
acid amide

147 6-[5-(2-Methyl-2H-pyrazol-3-yl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

148 6-[5-(1H-Pyrazol-3-yl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-

149 HN O 6-[5-(2-Methylsulfamoyl-phenyl)-pyridin-
Y carboxylic acid amide

150 6-(6"-Morpholin-4-yl-[3,3'bipyridinyl-5-
y1)-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide
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Cpd
No STRUCTURE Name

151 6-[3,4"|Bipyridinyl-5-yl-3 4-dihydro-
2H-[1,8]naphthyridine-1-

carboxylic acid amide

152 6-{5-[3-(2-Hydroxy-ethylsulfamoyl)-
phenyl]-pyridin-3-yl}-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

153 6-{5-[4-(2-Hydroxy-ethylsulfamoyl)-
phenyl]-pyridin-3-yl}-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

154 H,N. O 6-[5-(1H-Pyrazol-4-yl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

155 6-(5-Chloro-4-cyano-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

156 6-[4-Cyano-5-(4-fluoro-phenyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide




US 9,181,272 B2

TABLE 1-continued

Cpd
No STRUCTURE Name

157 N. 6-[5-(1-Hydroxy-ethyl)-pyridin-3-yl]-3,4-
A dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
Enantiomer A
NI, I\i AN F
)\ on
0 N 7
158 N 6-[5-(1-Hydroxy-ethyl)-pyridin-3-yl]-3,4-
| x dihydro-2H-[1,8]naphthyridine-1-
X F
| OH
N 7

carboxylic acid amide
Enantiomer B

NH,

159 6-[5-Chloro-4-(1-hydroxy-ethyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

160 6-[5-(3-Hydroxy-tetrahydro-furan-3-yl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

161 6-(5-Oxetan-3-yl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

162 6-[5-(2-Methanesulfonyl-ethyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

N
S
Z Z /
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No STRUCTURE Name

163 N, 6-(5-Ureido-pyridin-3-yl)-3,4-dihydro-
A 2H-[1,8]naphthyridine-1-
| carboxylic acid amide

164 6-(5-Amino-pyridin-3-yl)-3 4-dihydro-
2H-[1,8]naphthyridine-1-

carboxylic acid amide

| NH,

165 6-[5-(5-Oxo-pyrrolidin-2-yl)-pyridin-3-yl]-
3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

166 6-(5-Pyrrolidin-2-yl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

167 6-[5-(3-Hydroxy-tetrahydro-furan-3-yl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer A

168 6-[5-(3-Hydroxy-tetrahydro-furan-3-yl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer B
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Cpd
No STRUCTURE Name

169 6-[5-(1-Acetyl-piperidin-3-yloxymethyl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer A

7\
\ /
O

170 6-[5-(1-Acetyl-piperidin-3-yloxymethyl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer B

7\
\ /
=0

171 6-[4-(1-Hydroxy-ethyl)-
pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

/
\ /"

\

O,
Z,
e}
s

172 N, 6-[4-(1-Hydroxy-ethyl)-
A pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
S carboxylic acid amide
NH, N A Enantiomer A

O,
Z
=}
s

173 N, 6-[4-(1-Hydroxy-ethyl)-
x pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
P carboxylic acid amide
Enantiomer B

/

NH, N

O,
Z,
e}
s

174 N 6-(5-Carbamoylmethyl-pyridin-3-yl1)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide

7 AN NIL

N\
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No STRUCTURE Name

175 6-[5-Chloro-4-(1-hydroxy-ethyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid
amide
Enantiomer A

176 6-[5-Chloro-4-(1-hydroxy-ethyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid
amide
Enantiomer B

177 6-(5-Methylcarbamoylmethyl-pyridin-3-
y1)-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

178 6-[5-(2-Morpholin-4-yl-2-oxo-ethyl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-

carboxylic acid amide

179 6-[4-(1-Benzyloxy-ethyl)-5-cyano-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

180 6-[5-(3-Hydroxy-tetrahydro-pyran-3-yl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-

carboxylic acid amide
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No STRUCTURE Name

181 6-[5-(3-Hydroxy-tetrahydro-pyran-3-yl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer A

182 6-[5-(3-Hydroxy-tetrahydro-pyran-3-yl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer B

183 [5-(8-Carbamoyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-yl)-pyridin-3-yl]-

acetic acid

184 6-[5-(2,2,2-Trifluoro-1-hydroxy-ethyl)-
pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

185 5-[5-(1-Acetyl-piperidin-3-yloxymethyl)-
pyridin-3-yl]-2,3-dihydro-pyrrolo[2,3-

blpyridine-1-carboxylic acid amide

186 6-{5-[2-(4,4-Difluoro-piperidin-1-yl)-2-
oxo-ethyl]-pyridin-3-y1}-3,4-dihydro-
2H-[1,8]naphthyridine-1-

carboxylic acid amide
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Cpd

STRUCTURE

Name

187

188

189

190

191

192

O

N
|

6-(5-{[Methy!-(tetrahydro-furan-3-
ylmethyl)-carbamoy!]-methyl}-pyridin-3-
y1)-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-{5-[2-((R)-3-Hydroxy-pyrrolidin-1-yl)-
2-oxo-ethyl]-pyridin-3-yl}-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-{5-[2-((S)-3-Hydroxy-pyrrolidin-1-yl)-2-
oxo-ethyl]-pyridin-3-y1}-3 4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

5-[5-Chloro-4-(1-hydroxy-ethyl)-pyridin-
3-yl]-2,3-dihydro-pyrrolo[2,3-b]pyridine-
1-carboxylic acid amide
Enantiomer A

5-[5-Chloro-4-(1-hydroxy-ethyl)-pyridin-
3-yl]-2,3-dihydro-pyrrolo[2,3-b]pyridine-
1-carboxylic acid amide
Enantiomer B

5-[5-(2-Morpholine-4-yl-2-oxo-ethyl)-
pyridin-3-yl]-2,3-dihydro-pyrrolo[2,3-
blpyridine-1-carboxylic acid amide
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No STRUCTURE Name

193 N. 6-{5-[(Tetrahydro-pyran-4-ylcarbamoyl)-
Z e} ¢} methyl]-pyridin-3-yl}-3,4-
| dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
7 x N
| H
x
N

P

NH,

194 6-[5-(1,1-Dimethyl-2-morpholin-4-yl-2-
oxo-ethyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

195 6-[5-(2,2,2-Trifluoro-1-hydroxy-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer A

196 6-[5-(2,2,2-Trifluoro-1-hydroxy-ethyl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer B

197 6-[5-((R)-1-Acetyl-piperidin-3-yloxy)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

198 1-{4-[5-(8-Acetyl-5,6,7 8-tetrahydro-
[1,8]naphthyridin-3-yl)-4-chloro-pyridin-3-

ylmethoxy]-piperidin-1-yl}-ethanone
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199 6-[5-Fluoro-4-(1-hydroxy-1-methyl-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

200 6-[5-Fluoro-4-(1-hydroxy-cyclobutyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

201 6-[5-Fluoro-4-(3-hydroxy-oxetan-3-yl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

202 6-[5-Fluoro-4-(1-hydroxy-propyl)-pyridin-
3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-

carboxylic acid amide

203 6-[5-Fluoro-4-(1-hydroxy-2-methyl-
propyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

204 6-[5-(Cyclopropyl-ethanesulfonylamino-
methyl)-pyridin-3-yl]-3,4-dihydro-

2H-[1,8]naphthyridine-1-
\S/\ carboxylic acid amide
AN

O O

pdan)
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205 6-(5-Methanesulfonylmethyl-pyridin-3-yl)-
3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

206 6-[4-((R)-1-Amino-ethyl)-5-fluoro-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

207 6-[5-(3-Oxo-morpholin-4-ylmethyl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-

carboxylic acid amide

208 N, 6-(5-{[(Tetrahydro-pyran-4-carbonyl)-
S amino]-methyl }-pyridin-3-yl)-
| 3,4-dihydro-2H-[1,8]naphthyridine-1-
P carboxylic acid amide

209 6-[5-(1-Ethanesulfonylamino-ethyl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-

\S/\ carboxylic acid amide

| I\

x

\ /
ZT

210 6-[5-(1-Acetylamino-1-methyl-ethyl)-
pyridin-3-yl]-3,4-dihydro-

H 2H-[1,8]naphthyridine-1-

N
A
F P N\’( carboxylic acid amide
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Cpd
No

STRUCTURE

Name

211

212

213

214

215

216

3-(8-Carbamoyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-y1)-5-fluoro-
isonicotinic acid methyl ester

6-[5-Fluoro-4-(1-hydroxy-propyl)-pyridin-
3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer A

6-[5-Fluoro-4-(1-hydroxy-propyl)-pyridin-
3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-Fluoro-4-(1-hydroxy-2-methyl-
propyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer A

6-[5-Fluoro-4-(1-hydroxy-2-methyl-
propyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer B

6-{5-[(2-Hydroxy-2-methyl-
propionylamino)-methyl]-pyridin-3-yl}-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
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217 6-[5-(Cyclopropyl-ethanesulfonylamino-
methyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer A

218 6-[5-(Cyclopropyl-ethanesulfonylamino-
methyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer B

219 6-(5-Aminomethyl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

220 6-[5-((R)-1-Ethanesulfonylamino-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-

carboxylic acid amide

221 6-[5-((S)-1-Ethanesul fonylamino-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-

carboxylic acid amide

222 6-{5-[(R)-1-(Ethanesulfonyl-methyl-
amino)-ethyl]-pyridin-3-yl}-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide
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223 6-{5-[(S)-1-(Ethanesulfonyl-methyl-
amino)-ethyl]-pyridin-3-yl}-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

224 6-{5-(4-Hydroxy-2,2-dimethyl-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

225 6-(5-{[Methyl-(tetrahydro-pyran-4-
carbonyl)-amino]-methyl}-pyridin-3-yl)-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

226 6-[5-(2-Oxo-2-pyrrolidin-1-yl-
ethoxymethyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

227 6-(5-Methylcarbamoylmethoxymethyl-
pyridin-3-yl)-3,4-dihydro-2H-
[1,8]naphthyridine-1-

N
X
carboxylic acid amide
\ /

LN /Ko 9] ~

Tz

228 6-[5-(2-Oxo-2-piperidin-1-yl-
ethoxymethyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-

N
S
carboxylic acid amide
AN P



US 9,181,272 B2

87 88
TABLE 1-continued

Cpd
No STRUCTURE Name

229 6-{5-[2-(4-Hydroxy-4-methyl-piperidin-1-

yl)-2-oxo-ethoxymethyl]-pyridin-3-yl}-
3,4-dihydro-2H-[1,8]naphthyridine-1-

230

N.
x
P carboxylic acid amide
6-{5-[2-(6-Aza-spiro[2.5]oct-6-yl)-2-0x0-
ethoxymethyl]-pyridin-3-yl}-3,4-

OJ\
HN e} e} NQ< on
N
x
dihydro-2H-[1,8]naphthyridine-1-
F carboxylic acid amide
oxo-ethoxymethyl]-pyridin-3-yl }-3,4-

OJ\
H,N /Ko 0 Oﬂ
dihydro-2H-[1,8]naphthyridine-1-

N
x
P carboxylic acid amide

OJ\
HN 0] 0 NQ<F
F

231 6-{5-[2-(4,4-Difluoro-piperidin-1-yl)-2-

232 6-[5-(2-Morpholin-4-yl-2-oxo-
ethoxymethyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

233 6-[5-((R)-1-Acetylamino-ethyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide
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234

6-[5-((S)-1-Acetylamino-ethyl)-pyridin-3-

N
S y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
| H carboxylic acid amide
AN S NY
| = O
N N

o)\ NIL

235 6-[5-(2-Methyl-3-oxo-morpholin-4-
ylmethyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

236 6-[4-Chloro-5-(3-oxo-morpholin-4-
ylmethyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

237 6-(5-Cyclopropyl-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-

carboxylic acid amide

238 6-{5-[(R)-1-(Acetyl-methyl-amino)-ethyl]-
pyridin-3-yl}-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

239 6-{5-[(S)-1-(Acetyl-methyl-amino)-ethyl]-
pyridin-3-yl}-3,4-dihydro-2H-
[1,8]naphthyridine-1-

carboxylic acid amide
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N. 6-[5-(2-Methyl-3-oxo-morpholin-4-
x ylmethyl)-pyridin-3-y]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
Z carboxylic acid amide
Enantiomer A

240

N, 6-[5-(2-Methyl-3-oxo-morpholin-4-
= ylmethy!)-pyridin-3-yl]-3,4-dihydro-
| 2H-[1,8]naphthyridine-1-
P carboxylic acid amide
Enantiomer B

241

6-[5-(1,1-Dioxo-1lambdaé-isothiazolidin-
2-ylmethyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-

242 N
[
/ carboxylic acid amide

6-[5-(1,1-Dioxo-1lambda6-[1,2]thiazinan-
2-ylmethyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

243

6-(1-Acetyl-4-cyano-1',2",3',4',5',6'-
hexahydro-[3,4'bipyridinyl-5-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

244

6-[4-Chloro-5-(1-hydroxy-ethyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

245

| > cl OH
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STRUCTURE

Name

246

247

248

249

250

251

H,N

O

N
x
A

\ /

6-{5-[1-(3-Oxo-morpholin-4-yl)-ethyl]-
pyridin-3-yl}-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer A

6-{5-[1-(3-Oxo-morpholin-4-yl)-ethyl]-
pyridin-3-yl}-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer B

6-(5-Diethylcarbamoylmethoxymethyl-
pyridin-3-yl)-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-{5-[2-(3,3-Dimethyl-pyrrolidin-1-yl)-
2-oxo-ethoxymethyl]-pyridin-3-yl}-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

5-[5-(3-Oxo-morpholin-4-ylmethyl)-
pyridin-3-yl]-2,3-dihydro-pyrrolo[2,3-
blpyridine-1-carboxylic acid amide

5-[5-(4-Hydroxy-2,2-dimethyl-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-2,3-dihydro-
pyrrolo[2,3-b]pyridine-1-carboxylic acid
amide
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Cpd

STRUCTURE

Name

252

253

254

255

256

257

il e]

N
A
F

L

N,
| x
WO@
N \N

LN /go

A

N

>:o

L

6-[5-((S)-1-Acetyl-piperidin-3-yloxy)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Acetyl-piperidin-3-yloxymethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Acetyl-pyrrolidin-3-yloxymethyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Acetyl-piperidin-4-yloxymethyl)-
4-chloro-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Acetyl-pyrrolidin-2-yl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Methanesulfonyl-pyrrolidin-2-yl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid amide
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258 6-[5-(1-Methyl-5-oxo-pyrrolidin-2-yl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid amide
259 6-[5-(Cyano-methyl-methyl)-pyridin-3-yl]-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
260 6-[5-(2-Oxo-pyrrolidin-1-yl)-pyridin-3-yl]-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
261 6-[5-(Cyano-dimethyl-methyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
262 6-[5-(5-Oxo-pyrrolidin-2-yl)-pyridin-3-yl]-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer A
263 6-[5-(5-Oxo-pyrrolidin-2-yl)-pyridin-3-yl]-

3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
Enantiomer B
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264 N. 6-[5-(1-Cyano-cyclopropyl)-pyridin-3-yl]-
AN 3,4-dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
F a
g q
N N Ny
LN /go
265 N 6-[5-(1-Carbamoyl-cyclopropyl)-pyridin-
x 3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
/
266 6-[5-(4-Cyano-tetrahydro-pyran-4-yl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid amide
267 N 6-[5-(2-Oxo-oxazolidin-3-yl)-pyridin-3-
N y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
| carboxylic acid amide
= | Z N />
x> )\
N N o o
HZN/KO
268 N. 6-[5-(1-Methanesul fonyl-pyrrolidin-2-yl)-
N pyridin-3-yl]-3,4-dihydro-2H-
| [1,8]naphthyridine-1-carboxylic acid amide
/ / Enantiomer A
A | N
N N —~7
o
e}
H,N O
269 N. 6-[5-(1-Methanesul fonyl-pyrrolidin-2-yl)-
N pyridin-3-yl]-3,4-dihydro-2H-
| [1,8]naphthyridine-1-carboxylic acid amide
/ / Enantiomer B
A | N
N N ~g
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270 6-[5-(1-Methyl-5-oxo-pyrrolidin-2-yl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid amide
Enantiomer A

271 6-[5-(1-Methyl-5-oxo-pyrrolidin-2-yl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid amide
Enantiomer B

272 6-[5-(1-Acetyl-pyrrolidin-2-yl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

Enantiomer A

&

v
}—z

S
7
A

273 6-[5-(1-Acetyl-pyrrolidin-2-yl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

N
N
/ Enantiomer B

274 6-[5-(3-Methyl-2-oxo-imidazolidin-1-yl)-

N
A pyridin-3-y1]-3,4-dihydro-2H-[1,8]
| O naphthyridine-1-carboxylic acid amide
F | s /{
x*. \\/
N N
LN /Ko

275 6-[5-(2-Oxo-pyrrolidin-1-ylmethyl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-

carboxylic acid amide
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276 6-[5-(3-Oxo-morpholin-4-yl)-pyridin-3-
(€] yl1]-3,4-dihydro-2H-[1,8naphthyridine-1-

carboxylic acid amide

N
A
P P

277 6-[5-(2-Oxo-oxazolidin-3-ylmethyl)-
pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-

carboxylic acid amide

278 6-[5-(3-Methyl-2-oxo-imidazolidin-1-
ylmethyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

279 4-[5-(8-Acetyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-yl)-pyridin-3-

ylmethyl]-morpholin-3-one

280 N 1-{4-[5-(8-Acetyl-5,6,7,8-tetrahydro-
x [1,8]naphthyridin-3-y1)-pyridin-3-yloxy]-
| piperidin-1-yl}-ethanone

281 N, 2-[5-(8-Acetyl-5,6,7,8-tetrahydro-
x O [1,8]naphthyridin-3-yl)-pyridin-3-yl]-1-
| morpholin-4-yl-ethanone
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282 N-{(R)-1-[5-(8-Acetyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-yl)-pyridin-3-yl]-
ethyl}-acetamide
283 Ethanesulfonic acid {(R)-1-[5-(8-acetyl-
5,6,7,8-tetrahydro-[1,8]naphthyridin-3-yl)-
pyridin-3-yl]-ethyl }-amide
284 6-{5-[2-(2-Oxo0-oxazolidin-3-yl)-ethoxy]-
pyridin-3-yl}-3,4-dihydro-2H-
[1,8]naphthyridine-1-
0, N F carboxylic acid amide
NH, N | O
i i B
x )\
N o o
285 6-[5-(3-Dimethylamino-propoxy)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-
/N HZN\(O carboxylic acid amide
N N
= |
© S N
P
N
286 6-[5-([1,4]Dioxan-2-ylmethoxy)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
O, N
T T )
NH, N [ e} e}
Z \/K/
x
N
287 N - HN O 6-[5-(2-Methyl-2H-pyrazol-3-ylmethoxy)-
/ ~N pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
e N N carboxylic acid amide
Z |
0 N
o
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288 6-[5-(Pyridazin-3-ylmethoxy)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
o N N carboxylic acid amide
= NZ
NH, N | O
x F | X
x
N
289 5-(4-Methyl-pyridin-3-yl)-2,3-dihydro-
pyrrolo[2,3-b]pyridine-1-carboxylic acid
amide
290 5-(4-Cyano-pyridin-3-yl)-2,3-dihydro-
pyrrolo[2,3-b]pyridine-1-
carboxylic acid amide
291 5-(5-Hydroxymethyl-pyridin-3-yl)-2,3-
dihydro-pyrrolo[2,3-b]pyridine-1-
carboxylic acid amide
292 5-(4-Trifluoromethyl-pyridin-3-yl)-2,3-
dihydro-pyrrolo[2,3-b]pyridine-1-
carboxylic acid amide
293 5-[5-Fluoro-4-((S)-1-hydroxy-ethyl)-
pyridin-3-yl]-2,3-dihydro-pyrrolo[2,3-
blpyridine-1-carboxylic acid amide
294 6-{5-[(Cyclopropanecarbonyl-amino)-

methyl]-pyridin-3-yl}-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
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Cpd
No

STRUCTURE

Name

295

296

297

298

299

300

O\[/N | AN o
| H
N/ cl 7
O\[/N | N o
NH, Nz N N)‘y
| it
N/ F F

N

/

NH, N

Ao

\
/

F

=z
Z=—
g

6-(5-{[(3-Chloro-pyridine-2-carbonyl)-
amino]-methyl}-pyridin-3-yl)-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-(5-{[(2,2-Difluoro-cyclopropane-
carbonyl)-amino]-methyl}-
pyridin-3-yl)-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(Propionylamino-methyl)-pyridin-3-
y1]-3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-{5-[(2-Imidazol-1-yl-acetylamino)-
methyl]-pyridin-3-yl}-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Thiazol-2-yl-ethylcarbamoyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-{5-[Methyl-(tetrahydro-pyran-4-
ylmethy!)-carbamoy!]-pyridin-3-yl}-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
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STRUCTURE

Name

301

302

303

304

305

306

N

6-[5-((S)-1-Pyridin-2-yl-ethylcarbamoyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(Cyclobutyl-methyl-carbamoyl)-
pyridin-3-yl]-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-{5-[(2-Methoxy-ethyl)-methyl-
carbamoyl]-pyridin-3-yl}-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Methanesulfonyl-pyrrolidin-3-
ylecarbamoyl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

5-Chloro-6-[5-(4-hyroxy-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(4-Hydroxy-tetrahydro-pyran-4-yl)-
pyridin-3-yl]-5-methyl-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide
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307

308

309

310

311

312

H,N

Z

o

e}

6-[5-(4-Hydroxy-tetrahydro-pyran-4-yl)-
pyridin-3-yl]-7-methyl-3,4-
dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

7-Cyano-6-[5-(4-hydroxy-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

5-Fluoro-6-[5-(4-hydroxy-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

5-Fluoro-6-[5-(3-oxo-morpholin-4-
ylmethyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Acetyl-piperidin-4-yloxy)-pyridin-
3-yl]-5-fluoro-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

7-Methyl-6-[5-(3-oxo-morpholin-4-
ylmethyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide
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313

314

315

316

317

318

TS
O N / / O
J O
N \f

6-[5-(1-Acetyl-piperidin-4-yloxy)-pyridin-
3-yl]-7-methyl-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

5-Chloro-6-[5-(3-oxo-morpholin-4-
ylmethyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-[5-(1-Acetyl-piperidin-4-yloxy)-pyridin-
3-yl]-5-chloro-3,4-dihydro-2H-
[1,8]naphthyridine-1-
carboxylic acid amide

6-(4-Acetyl-5-fluoro-pyridin-3-yl)-
3,4-dihydro-2H-[1,8]naphthyridine-1-
carboxylic acid amide

6-(5-{[Imino(methyl)oxo-A°%-
sulfanylJmethy!}pyridin-3-yl)-1,2,3,4-
tetahydro-1,8-naphthyridine-1-
carboxamide

6-[5({[Methyl(oxo)phenyl-AS-
sulfanylidene]amino methyl)pyridine-3-

y1]-1,2,3 A-tetrahydro-1,8-naphthyridine-1-

carboxamide
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In one embodiment, the invention relates to compounds
1-112 and 115-154 depicted in Table 1 above and the phar-
maceutically acceptable salts thereof.

In another embodiment, the invention relates to com-
pounds 1-20, 22-35, 38-107, 109-112, 116, 117, 121, 122,
126-131, 133-137, 141-144 and 147-153 depicted in Table 1
above and the pharmaceutically acceptable salts thereof.

In another embodiment, the invention relates to com-
pounds 1-3, 5-11, 14-20, 22-25, 27-29, 31-35, 38, 40-43, 45,
46, 48, 50-57, 59, 60, 62-68, 70-88, 90-102, 105-107, 109,
110, 112, 116, 117, 121, 126-131, 133-137, 141-144, 147-
153, 155-162, 164, 165, 167-182, 184-193, 195-199, 202,
204, 205, 207-213, 216-218, 220-243, 245-250, 252-255,
257-262,264-270,272,274-298, 300, 302, 304-307 and 309-
316 depicted in Table 1 above and the pharmaceutically
acceptable salts thereof.

Unless specifically indicated, throughout the specification
and the appended claims, a given chemical formula or name
shall encompass tautomers and all stereo, optical and geo-
metrical isomers (e.g. enantiomers, diastereomers, E/Z iso-
mers, etc.) and racemates thereof as well as mixtures in dif-
ferent proportions of the separate enantiomers, mixtures of
diastereomers, or mixtures of any of the foregoing forms
where such isomers and enantiomers exist, as well as salts,
including pharmaceutically acceptable salts thereof and sol-
vates thereof such as for instance hydrates including solvates
of the free compounds or solvates of a salt of the compound.

Some of the compounds of formula (I) can exist in more
than one tautomeric form. The invention includes methods for
using all such tautomers.

The invention includes pharmaceutically acceptable
derivatives of compounds of formula (I). A “pharmaceuti-
cally acceptable derivative” refers to any pharmaceutically
acceptable salt or ester, or any other compound which, upon
administration to a patient, is capable of providing (directly or
indirectly) a compound useful for the invention, or a pharma-
cologically active metabolite or pharmacologically active
residue thereof. A pharmacologically active metabolite shall
be understood to mean any compound of the invention
capable of being metabolized enzymatically or chemically.
This includes, for example, hydroxylated or oxidized deriva-
tive compounds of the formula (I).

As used herein, “pharmaceutically acceptable salts” refer
to derivatives of the disclosed compounds wherein the parent
compound is modified by making acid or base salts thereof.
Examples of pharmaceutically acceptable salts include, but
are not limited to, mineral or organic acid salts of basic
residues such as amines; alkali or organic salts of acidic
residues such as carboxylic acids; and the like. For example,
such salts include acetates, ascorbates, benzenesulfonates,
benzoates, besylates, bicarbonates, bitartrates, bromides/hy-
drobromides, edetates, camsylates, carbonates, chlorides/hy-
drochlorides, citrates, edisylates, ethane disulfonates, esto-
lates esylates, fumarates, gluceptates, gluconates,
glutamates, glycolates, glycollylarsnilates, hexylresorci-
nates, hydrabamines, hydroxymaleates, hydroxynaph-
thoates, iodides, isothionates, lactates, lactobionates,
malates, maleates, mandelates, methanesulfonates, methyl-
bromides, methylnitrates, methylsulfates, mucates, napsy-
lates, nitrates, oxalates, pamoates, pantothenates, phenylac-
etates,  phosphates/diphosphates,  polygalacturonates,
propionates, salicylates, stearates, subacetates, succinates,
sulfamides, sulfates, tannates, tartrates, teoclates, toluene-
sulfonates, triethiodides, ammonium, benzathines, chlorop-
rocaines, cholines, diethanolamines, ethylenediamines,
meglumines and procaines. Further pharmaceutically accept-
able salts can be formed with cations from metals like alu-
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minium, calcium, lithium, magnesium, potassium, sodium,
zinc and the like. (also see Pharmaceutical salts, Birge, S. M.
etal., J. Pharm. Sci., (1977), 66, 1-19).

The pharmaceutically acceptable salts of the present inven-
tion can be synthesized from the parent compound which
contains a basic or acidic moiety by conventional chemical
methods. Generally, such salts can be prepared by reacting the
free acid or base forms of these compounds with a sufficient
amount of the appropriate base or acid in water or in an
organic diluent like ether, ethyl acetate, ethanol, isopropanol,
or acetonitrile, or a mixture thereof.

Salts of other acids than those mentioned above which for
example are useful for purifying or isolating the compounds
of'the present invention (e.g. trifluoro acetate salts) also com-
prise a part of the invention.

In addition, within the scope of the invention is use of
prodrugs of compounds of the formula (I). Prodrugs include
those compounds that, upon simple chemical transformation,
are modified to produce compounds of the invention. Simple
chemical transformations include hydrolysis, oxidation and
reduction. Specifically, when a prodrug is administered to a
patient, the prodrug may be transformed into a compound
disclosed hereinabove, thereby imparting the desired phar-
macological effect.

The compounds of the invention are only those which are
contemplated to be ‘chemically stable’ as will be appreciated
by those skilled in the art. For example, peroxides or a com-
pound which would have a ‘dangling valency’, or a ‘carban-
ion’ are not compounds contemplated by the inventive meth-
ods disclosed herein.

For all compounds disclosed hereinabove in this applica-
tion, in the event the nomenclature is in conflict with the
structure, it shall be understood that the compound is defined
by the structure.

All terms as used herein in this specification, unless other-
wise stated, shall be understood in their ordinary meaning as
known in the art. For example, “C,_,alkyl” is a saturated
aliphatic hydrocarbon monovalent radical containing 1-4 car-
bons such as methyl, ethyl, n-propyl, 1-methylethyl (isopro-
pyl), n-butyl or t-butyl; “C, , alkoxy” is a C,_, alkyl with a
terminal oxygen, such as methoxy, ethoxy, propoxy, butoxy.
All alkyl, alkenyl and alkynyl groups shall be understood as
being branched or unbranched, cyclized or uncyclized where
structurally possible and unless otherwise specified. Other
more specific definitions are as follows:

The term “C, _,-alkyl”, wherein n is an integer from 2 to n,
either alone or in combination with another radical denotes an
acyclic, saturated, branched or linear hydrocarbon radical
with 1 to n C atoms. For example the term C, s-alkyl
embraces the radicals H;C—, H;C—CH,—, H;C—CH,—
CH,—, H;C—CH(CH,;)—, H,C—CH,—CH,—CH,—,
H,C—CH,—CH(CH;)—, H,C—CH(CH;)—CH,—,
H,C—C(CH,;),—, H,C—CH,—CH,—CH,—CH,—,
H,C—CH,—CH,—CH(CH;)—, H;C—CH,—CH(CH,)—
CH,—, H,C—CH(CH,)—CH,—CH,—, H,C—CH,—C
(CH;),—, H,C—C(CH,),—CH,—, H;C—CH(CH,)—CH
(CH;)— and H,C—CH,—CH(CH,CH,)—.

The term “C,_,alkylene” wherein n is an integer 1 to n,
either alone or in combination with another radical, denotes
an acyclic, straight or branched chain divalent alkyl radical
containing from 1 to n carbon atoms. For example the term
C, 4-alkylene includes —(CH,)—, —(CH,—CH,)—,
—(CH(CH3))—, *(CH24CH24CH2)*5 *(C(CHs)z)*s
—(CH(CH,CH,))—, —(CH(CH,)—CH,)—, —(CH,—CH
(CH,)—, —(CH,—CH,—CH,—CH,)—, —(CH,—
CH,—CH(CH;))—, —(CH(CH,;)—CH,—CH,)—,
—(CH,—CH(CH,)—CH,)—, —(CH,—C(CH,),}— —(C
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(CH,),—CH,)—, —(CH(CH,)—CH(CH,))—, —(CH,—
CH(CH,CH,))—, - (CH(CH,CH,)CH,—, —(CH
(CH,CH,CH,))—, —(CHCH(CH,),)— and —C(CH,)
(CH,CH,)—.

The term “C,_,-cycloalkyl”, wherein n is an integer 4 to n,
either alone or in combination with another radical denotes a
cyclic, saturated, unbranched hydrocarbon radical with 3 to n
C atoms. For example the term C,_,-cycloalkyl includes
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cyclo-
heptyl.

The term “heteroatom” as used herein shall be understood
to mean atoms other than carbon such as O, N, S and P.

In all alkyl groups or carbon chains one or more carbon
atoms can be optionally replaced by heteroatoms: O, S or N,
it shall be understood that if N is not substituted then it is NH,
it shall also be understood that the heteroatoms may replace
either terminal carbon atoms or internal carbon atoms within
a branched or unbranched carbon chain. Such groups can be
substituted as herein above described by groups such as oxo
to result in definitions such as but not limited to: alkoxycar-
bonyl, acyl, amido and thioxo.

The term “aryl” as used herein, either alone or in combi-
nation with another radical, denotes a carbocyclic aromatic
monocyclic group containing 6 carbon atoms which may be
further fused to a second 5- or 6-membered carbocyclic group
which may be aromatic, saturated or unsaturated. Aryl
includes, but is not limited to, phenyl, indanyl, indenyl, naph-
thyl, anthracenyl, phenanthrenyl, tetrahydronaphthyl and
dihydronaphthyl.

The term “heteroaryl” means an aromatic 5 to 6-membered
monocyclic heteroaryl or an aromatic 7 to 11-membered het-
eroaryl bicyclic ring where at least one of the rings is aro-
matic, wherein the heteroaryl ring contains 1-4 heteroatoms
such as N, O and S. Non-limiting examples of 5 to 6-mem-
bered monocyclic heteroaryl rings include furanyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiazolyl, pyrazolyl, pyrrolyl, imida-
zolyl, tetrazolyl, triazolyl, thienyl, thiadiazolyl, pyridinyl,
pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, and purinyl.
Non-limiting examples of 7 to 11-membered heteroaryl bicy-
clic heteroaryl rings include benzimidazolyl, quinolinyl,
dihydro-2H-quinolinyl, isoquinolinyl, quinazolinyl, inda-
zolyl, thieno[2,3-d]pyrimidinyl, indolyl, isoindolyl, benzo-
furanyl, benzopyranyl, benzodioxolyl, benzoxazolyl and
benzothiazolyl.

The term “heterocyclyl” means a stable nonaromatic 4-8
membered monocyclic heterocyclic radical or a stable non-
aromatic 6 to 11-membered fused bicyclic, bridged bicyclic
or spirocyclic heterocyclic radical. The 5 to 11-membered
heterocycle consists of carbon atoms and one or more, pref-
erably from one to four heteroatoms chosen from nitrogen,
oxygen and sulfur. The heterocycle may be either saturated or
partially unsaturated. Non-limiting examples of nonaromatic
4-8 membered monocyclic heterocyclic radicals include tet-
rahydrofuranyl, azetidinyl, pyrrolidinyl, pyranyl, tetrahydro-
pyranyl, dioxanyl, thiomorpholinyl, 1,1-dioxo-1A°%-thiomor-
pholinyl, morpholinyl, piperidinyl, piperazinyl, and azepinyl.
Non-limiting examples of nonaromatic 6 to 11-membered
fused bicyclic radicals include octahydroindolyl, octahy-
drobenzofuranyl, and octahydrobenzothiophenyl. Non-limit-
ing examples of nonaromatic 6 to 11-membered bridged bicy-
clic radicals include  2-azabicyclo[2.2.1]heptanyl,
3-azabicyclo[3.1.0]hexanyl, and 3-azabicyclo[3.2.1]octanyl.
Non-limiting examples of nonaromatic 6 to 11-membered
spirocyclic heterocyclic radicals include 7-aza-spiro[3,3]
heptanyl, 7-spiro[3,4]octanyl, and 7-aza-spiro[3,4]octanyl.
The term “heterocyclyl” or is intended to include all the
possible isomeric forms.
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The term “halogen” as used in the present specification
shall be understood to mean bromine, chlorine, fluorine or
iodine. The definitions “halogenated”, “partially or fully
halogenated”; partially or fully fluorinated; “substituted by
one or more halogen atoms”, includes for example, mono, di
or tri halo derivatives on one or more carbon atoms. For alkyl,
a non-limiting example would be —CH,CHF,, —CF; etc.

Each alkyl, cycloalkyl, heterocycle, aryl or heteroaryl, or
the analogs thereof, described herein shall be understood to
be optionally partially or fully halogenated.

As used herein, “nitrogen” or N and “sulfur” or S includes
any oxidized form of nitrogen and sulfur and the quaternized
form of any basic nitrogen. For example, for an —S—C, ¢
alkyl radical, unless otherwise specified, this shall be under-
stood to include —S(O)—C, 4 alkyl and —S(0),—C, ¢
alkyl, likewise, —S—R, may be represented as phenyl-
S(0),,— when R, is phenyl and where m is 0, 1 or 2.

GENERAL SYNTHETIC METHODS AND
SYNTHESIS OF INTERMEDIATES

The compounds of the invention may be prepared by the
methods and examples presented below and methods known
to those of ordinary skill in the art. Optimum reaction condi-
tions and reaction times may vary depending on the particular
reactants used. Unless otherwise specified, solvents, tem-
peratures, pressures, and other reaction conditions may be
readily selected by one of ordinary skill in the art. Specific
procedures are provided below. Intermediates used in the
syntheses below are either commercially available or easily
prepared by methods known to those skilled in the art. Reac-
tion progress may be monitored by conventional methods
such as thin layer chromatography (TLC) or high pressure
liquid chromatography-mass spec (HPLC-MS). Intermedi-
ates and products may be purified by methods known in the
art, including column chromatography, HPLC, preparative
TLC or recrystallization.

Intermediate A

Synthesis of
6-Bromo-1,2,3,4-tetrahydro-[1,8]naphthyridine

Br Br

To a cooled (0° C.) solution of 6-bromo-3,4-dihydro-1H-
[1,8]naphthyridin-2-one (10.0 g, 44.0 mmol) in THF (500
ml.)is added sodium borohydride (8.3 g, 220 mmol ) followed
by boron trifluoride diethyl ether complex (38.7 mL, 308
mmol), dropwise. The resulting mixture is allowed to warm
and stir at room temperature for 16 h. The reaction is carefully
quenched with the dropwise addition of 1IN HCI (15 mL).
Once quenched, additional 1N HCI (85 mL) is added and the
mixture is stirred at room temperature for 16 h. The mixture is
concentrated, diluted with water and made basic (pH 8) with
the addition of powdered sodium bicarbonate. The mixture is
extracted with EtOAc and the combined organic layers are
washed with brine, dried (Na,SO,) and concentrated to
obtain the title compound (9.3 g).
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Intermediate B

Synthesis of 6-Bromo-3,4-dihydro-2H-[1,8]naphthy-
ridine-1-carboxylic acid tert-butyl ester

Br
)<o NZ

AN

Br
NF

N

HN (6] N

To a cooled (0° C.) suspension of sodium hydride (60%
dispersion in mineral oil, 2.8 g, 70.4 mmol) in THF (800 mL)
is added a solution of 6-bromo-1,2,3,4-tetrahydro-[ 1,8 |naph-
thyridine (10.0 g, 46.9 mmol) in THF (300 mL), dropwise.
After stifling for 30 min at 0° C., a solution of di-tert-butyl
dicarbonate (21.6 mL, 93.9 mnmol) in THF (200 mL) is
added dropwise. The resulting mixture is allowed to warm to
room temperature then stir at reflux for 16 h. The reaction is
cooled to room temperature and quenched with the addition
saturated aqueous ammonium chloride solution. The mixture
is extracted with EtOAc and the combined organic layers are
washed with brine, dried (MgSO,) and concentrated. The
crude product is purified by silica gel column (5-40% EtOAc
in heptane) to afford the title compound (13.5 g).

Intermediate C

Synthesis of 6-Bromo-3,4-dihydro-2H-[1,8]naphthy-
ridine-1-carboxylic acid amide

Br Br

NI, NZ

AN

To a cooled (0° C.) solution of 6-bromo-1,2,3,4-tetrahy-
dro-[1,8]naphthyridine (6.4 g, 30.0 mmol) in DCM (75 mL)
is added a trichloroacetyl isocyanate (3.8 mL, 31.5 mmol).
After stirring for 1 h at 0° C., a solution of methanolic KOH
(1M, 10 mL) is added. The resulting mixture is allowed to
warm and stir at room temperature for 16 h. The reaction is
concentrated and purified by silica gel column (0-100%
EtOAc in heptane) to afford the title compound (7.4 g).

Intermediate D

Synthesis of 5-Bromo-2,3-dihydro-pyrrolo[2,3-b]
pyridine-1-carboxylic acid amide

Br Br
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To a cooled (0° C.) solution of 5-bromo-2,3-dihydro-1H-
pyrrolo[2,3-b|pyridine (2.5 g, 12.6 mmol) in DCM (30 mL) is
added a trichloroacetyl isocyanate (1.6 mL, 13.2 mmol).
After stirring for 1 h at 0° C., a solution of methanolic KOH
(1M, 10 mL) is added. The resulting mixture is allowed to
warm and stir at room temperature for 16 h. The reaction is
concentrated and purified by silica gel column (0-100%
EtOAc in heptane) to afford the title compound (2.6 g).

Intermediate E

Synthesis of 3-Bromo-5-bromomethyl-pyridine

N N
[ [

Vs

Br

OH —— /

Br Br

To a cooled (0° C.) solution of (5-bromo-pyridin-3-yl)-
methanol (5.0 g, 26.6 mmol) and triphenylphosphine (8.4 g,
31.9 mmol) in DCM (130 mL) is added carbon tetrabromide
(13.2 g, 39.9 mmol). The resulting mixture is stirred at 0° C.
for 10 min. The mixture is concentrated and purified by silica
gel column (0-40% EtOAc in heptane) to afford the title
compound (6.1 g).

Intermediate F

Synthesis of 1-[4-(5-Bromo-pyridin-3-ylmethoxy)-
piperidin-1-yl]-ethanone

N
| =
. P Br ——
N,
| X
Br = ©

L

To a cooled (0° C.) solution of 1-acetylpiperidin-4-ol (2.0
g, 142 mmol) in DMF (25 mL) is added sodium hydride
(60% dispersion in mineral oil, 567 mg, 14.2 mmol). After
stifling at 0° C. for 15 min, 3-bromo-5-bromomethyl-pyridine
(2.4 g,9.45 mmol) is added. The reaction is allowed to warm
and stir at room temperature for 1 h. The reaction is quenched
with the addition of saturated aqueous ammonium chloride
and water and is extracted with EtOAc. The combined organic
layers are dried (Na,SO,) and concentrated. The crude prod-
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uct is purified by silica gel column (0-10% MeOH in DCM) to
provide the title compound (2.1 g).

Intermediate G

Synthesis of 6-(4,4,5,5-Tetramethyl-[1,3,2]diox-
aborolan-2-y1)-3,4-dihydro-2H-[ 1,8]naphthyridine-1-
carboxylic acid tert-butyl ester

| N Br
N N/ E—
|
| F

6-Bromo-3,4-dihydro-2H-[ 1,8|naphthyridine-1-carboxy-

lic acid tert-butyl ester, Intermediate B (200 mg, 0.64 mmol),
4,4,5,5.4'4".5"5'-Octamethyl-[2,2'|bi[[1,3,2 ]dioxaborola-
nyl] (240 mg, 0.94 mmol) and KOAc (310 mg, 3.2 mmol) are
mixed in 1,4-dioxane (4.0 mL). The reaction mixture is
purged with Argon stream for 5 min. Then PdCL,(dppf) (47
mg, 0.064 mmol) is added. The reaction mixture is purged
again with Argon stream for 5 min. The reaction mixture is
heated at 100° C. in for 5 hrs. After cooling down to room
temperature, the crude reaction mixture containing the titled
product is either used in the next step directly or the solid is
filtered and the filtrate is concentrated to give the solid crude
which is then used in the next step without purification.

Intermediate H

Synthesis of 6-(4,4,5,5-Tetramethyl-[1,3,2]diox-
aborolan-2-y1)-3,4-dihydro-2H-[ 1,8]naphthyridine-1-
carboxylic acid amide
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-continued
(@]
)
(IT -
| =
N N

O)\ NIL

6-Bromo-3,4-dihydro-2H-[1,8]naphthyridine-1-carboxy-

lic acid amide, Intermediate C (600 mg, 2.34 mmol), bis
(pinacolato)diboron (773 mg, 3.05 mmol) and KOAc (1.03 g,
10.5 mmol) are mixed in 1,4-dioxane (20 mL). The reaction
mixture is purged with Argon stream for 5 min. Then PdCl,
(dppD) (171 mg, 0.234 mmol) is added. The reaction mixture
is purged again with Argon stream for 5 min. The reaction
mixture is heated at 90° C. in for 16 hrs. After cooling down
to room temperature, the crude reaction mixture containing
the titled product is either used in the next step directly or the
solid is filtered and the filtrate is concentrated to give the solid
crude which is then used in the next step without purification.
Suzuki Coupling Method I:

Br N.
x AN
SOSNSSIE
N N/ HO\B F
H |
oH

1
N

T
|

N N
H

=z
o X
Z

Nitrogen gas is bubbled through toluene (12 mL) for 30
min. Then 6-bromo-1,2,3,4-tetrahydro-[1,8]naphthyridine
(200 mg, 0.94 mmol) and bis(di-tert-butyl(4-dimethylami-
nophenyl)phosphine)dichloropalladium (II) (66 mg, 0.094
mmol) are added. The mixture is degassed and filled with N,
for three times. After stirring at room temperature for 1 hr,
boric acid or ester 1 (1.5 eq.), 2.0 M aqueous K,COj; solution
(4.0 mL, 8.0 mmol) and EtOH (12 mL) are added and the
mixture is heated to reflux. The progress of the reaction is
monitored and after the reaction is completed, the mixture is
cooled down to room temperature. The solid is filtered off and
the filtrate is concentrated. The residue is partitioned between
DCM and water. The organic layer is separated and washed
with water and brine, dried over Na,SO, and concentrated to
give the crude product. Purification by various chromatogra-
phy methods affords the desired product.

Suzuki Coupling Method II:

Br N
x
N N/ HO\B A
i |
oH

1
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-continued

\

N
H

To the solution of 6-bromo-1,2.3.4-tetrahydro-[1,8|naph-
thyridine (100 mg, 0.47 mmol) in MeCN (2.0 mL) is added
boronic acid or boronic ester 1 (1.2 eq.) and saturated aqueous
Na,CO, solution (1.0 mL). Then Pd(dppf)Cl, (34 mg, 0.047
mmol) is added under N, atmosphere and the mixture is
microwaved at 120° C. The progress of the reaction is moni-
tored and after the reaction is completed, the solid is filtered
and the filtrate is concentrated. The residue is partitioned
between DCM and water. The organic layer is separated and
washed with water and brine, dried over Na,SO,, and concen-

trated to give the crude product. Purification by column chro-
matography affords the desired product.
Suzuki Coupling Method III:
(6]
b
AN ~0
| P
N N +
N,
=
L} T
Br Z
2
N.
Z
I—R
S N
| F
N N
4
To a solution of crude 6-(4,4,5,5-tetramethyl-[1,3,2]diox-

aborolan-2-yl)-3,4-dihydro-2H-[1,8naphthyridine-1-car-
boxylic acid tert-butyl ester (175 mg, 0.63 mmol) in MeCN
(9.0 mL) is added bromide 2 (1.0 eq.) and saturated aqueous
Na,COj solution (4.0 mL). Then Pd(dppf)Cl, (23 mg, 0.031
mmol) is added under N, atmosphere and the mixture is
microwaved at 120° C. The progress of the reaction is moni-
tored and after the reaction is completed, the solid is filtered
and the filtrate is concentrated. The residue is partitioned
between DCM and water. The organic layer is separated and
washed with water and brine, dried over Na,SO,, and concen-
trated to give the crude product. Purification by column chro-
matography affords the desired product.
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Suzuki Coupling Method IV:

i
| =
N N +
‘ﬁ
N
\
| lR .
Br /
2

To a solution of crude 6-(4,4,5,5-tetramethyl-[1,3,2]diox-
aborolan-2-yl)-3,4-dihydro-2H-[1,8]naphthyridine-1-car-
boxylic acid tert-butyl ester (480 mg, 1.7 mmol) in 1,4-diox-
ane (60 mL) are added bromide 2 (1 eq.) and Na,CO; (550
mg, 5.2 mmol). Then Pd(dppf)Cl, (63 mg, 0.086 mmol) is
added under N, atmosphere. The mixture is heated to reflux
for 16 hrs. After cooling down to room temperature, the solid
in the mixture is filtered and the filtrate is concentrated. The
residue is partitioned between DCM and water. The organic
layer is separated and washed with water and brine, dried over
Na,SO, and concentrated to give the crude product. Purifica-
tion by column chromatography affords the desired product.

Suzuki Coupling Method V:

T
N o
| =
N N +
Oﬁ

N

-

Br /

2
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-continued

N

-—R
|

N
=z

N X

=

N

(6] (6]

Pe

To a solution of crude 6-(4,4,5,5-tetramethyl-[1,3,2]diox-
aborolan-2-yl)-3,4-dihydro-2H-[1,8naphthyridine-1-car-
boxylic acid tert-butyl ester (260 mg, 0.94 mmol) in 1,4-
dioxane (30 mL) are added bromide 2 (1 eq.) and Cs,CO;,
(910 mg, 2.8 mmol). Then Pd(dppf)Cl, (34 mg, 0.047 mmol)
is added under N, atmosphere. The mixture is heated to reflux
for 16 hrs. After cooling down to room temperature, the solid
in the mixture is filtered and the filtrate is concentrated. The
residue is partitioned between DCM and water. The organic
layer is separated and washed with water and brine, dried over
Na,SO, and concentrated to give the crude product. Purifica-
tion by column chromatography affords the desired product.
Suzuki Coupling Method VI:

B\O

X

Z
N N n

o)\ NIL

Intermediate H

—R —

Vs

2

&
Br

N,
7,
\\I
|/
N N

O)\ NH,

To the crude solution of 6-(4,4,5,5-Tetramethyl-[1,3,2]di-
oxaborolan-2-yl)-3,4-dihydro-2H-[ 1,8]naphthyridine-1-car-
boxylic acid amide (942 mg, 3.11 mmol, generated from the
reaction to make Intermediate H) are added bromide 2 (0.85
eq.) and aqueous 2.0 M Na,CO; solution (2.63 mL, 5.26
mmol). Argon gas is bubbled through the solution for 10 min
and Pd(dppf)Cl, (192 mg, 0.263 mmol) is added. Then the
reaction mixture is heated at 100° C. for 3.5 hrs. After the
reaction mixture is cooled down to room temperature, it is
filtered and the filtrate is concentrated to give the crude prod-
uct. Purification by column chromatography affords the
desired product.
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Urea Formation Method I:

N
Z 0,
NN

F
N

Tz

O)\ NIL

To asolution ofamine 3 (1.1 mmol) in anhydrous DCM (11
ml) is added benzoyl isocyanate (250 mg, 1.7 mmol) and the
mixture is heated to reflux for 3 hrs. The solvent is removed
and EtOH (11 mL) is added to the residue. Then K,CO; (260
mg, 1.9 mmol) is added and the mixture is heated to reflux.
The progress of the reaction is monitored and after the reac-
tion is completed, the solid is filtered and the filtrate is con-
centrated. The residue is partitioned between DCM and water.
The organic layer is separated and washed with water and
brine, dried over Na,SO, and concentrated to give the crude
product. Purification by column chromatography affords the
desired product.

Urea Formation Method II:

N
N

S N
N
Z
N N
H
3
0
al
cl
R OH-
Xpo + K e
al
N
=z
M
TR
N Xy
P
N N

O)\ NIL

Amine 3 (13.6 mmol) is dissolved in anhydrous DCM (150
ml) and the solution is cooled down to 0° C. Trichloro-acetyl
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isocyanate (2.53 mL, 20.4 mmol) is added and the mixture is
stirred for 1 hr at room temperature. Then 1.0 M KOH in
MeOH solution (136 mL, 136 mmol) is added and the mixture
is stirred for 16 hs. Water (500 mL) and DCM (200 mL) are
added. The mixture is stirred for 15 min and the aqueous layer
is separated, extracted with DCM (2x100 mL) and EtOAc
(2x100 mL). All the organic layers are combined and concen-
trated to give the crude product. Purification by column chro-
matography affords the desired product.

SYNTHETIC EXAMPLES

Final compounds are designated by compound numbers
corresponding to the compound numbers in Table 1.

Example 1

Synthesis of 5-pyridin-3-yl-2,3-dihydro-pyrrolo[2,3-
b]pyridine-1-carboxylic acid amide (Cpd 1, Table 1)

B N,
N AN
| | step 1
P + HO\ S -_—
R |
OH
N
]
N = step 2
|
A
HN
N.
=
XY X
N |
P

N

(6]
1
5-Bromo-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine (500

mg, 2.5 mmol), 3-pyridinyl-boronic acid (370 mg, 3.0 mmol)
and K,CO; (694 mg, 5.0 mmol) are mixed in 6.5 mL of
1,4-dioxane and 0.65 ml. of water. Argon gas is bubbled
through the mixture for 10 min and bis(di-tert-butyl(4-dim-
ethylaminophenyl)phosphine)dichloropalladium (II) (178
mg, 0.25 mmol) is added. The mixture is heated at 100° C. for
16 hrs. Then the solvents are removed and EtOAc (50 mL) is
added along with 30 mL of water. The mixture is filtered to
remove any solid and the organic layer is separated. The
aqueous layer is extracted with EtOAc (2x25 ml.) and the
organic layers are combined and concentrated to give the
crude product. Purification by flash column chromatography
affords 300 mg of 5-pyridin-3-yl-2,3-dihydro-1H-pyrrolo[2,
3-b]pyridine.
5-Pyridin-3-yl-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine

(50 mg, 0.25 mmol) and benzoyl isocyanate (62 mg, 0.38
mmol) are dissolvedin 1.5 mL of DCM. The mixture is heated
at 50° C. for 16 hrs. Then the solvent is removed in vacuum
and the residue is dissolved in 1.5 mL of EtOH. K,CO; (60
mg, 0.43 mmol) is added and the mixture is heated at 80° C.
for 55 min. The solvent is removed and the residue is parti-
tioned between water (35 mL) and EtOAc (55 mL). The
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aqueous layer is separated and extracted with EtOAc (2x30
mL). The organic layers are combined and concentrated to
give the crude product. To the crude product is added DMSO:
EtOAc (1:3 mL) mixture and the white solid formed is fil-
tered, rinsed with more EtOAc and dried to give 38 mg of the
titled product.

Compound 8 in Table 1 is synthesized according to the
procedure for Example 1, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 2
Synthesis of 6-Pyridin-3-yl-3,4-dihydro-2H-[1,8]

naphthyridine-1-carboxylic acid amide (Cpd 2, Table
1y

Br. Br

Step 3
—_—

/
\ /"

NH,

\

(6] N

2
6-Bromo-1,2,3 4-tetrahydro-[ 1,8]naphthyridine is
pared as described above for Intermediate A.

6-Bromo-1,2,3 4-tetrahydro-[ 1,8]naphthyridine (243 mg,
1.1 mmol), 3-pyridinyl-boronic acid (168 mg, 1.4 mmol) and
K,CO, (315 mg, 2.3 mmol) are mixed in 3.0 mL of 1,4-
dioxane and 0.30 mL of water. Argon gas is bubbled through
the mixture for 10 min and bis(di-tert-butyl(4-dimethylami-
nophenyl)phosphine)dichloropalladium (II) (81 mg, 0.11
mmol) is added. The mixture is heated at 100° C. for 16 hrs.
Then solvents are removed and EtOAc (50 mL) is added
along with 30 mL of water. The mixture is filtered to remove
any solid and the organic layer is separated. The aqueous
layer is extracted with EtOAc (2x25 mL) and the organic
layers are combined and concentrated to give the crude prod-
uct. Purification by flash column chromatography affords 143
mg of 6-Pyridin-3-yl-1,2,3 4-tetrahydro-[1,8]naphthyridine

6-Pyridin-3-yl-1,2.3.4-tetrahydro-[ 1,8 naphthyridine (50
mg, 0.24 mmol) and benzoyl isocyanate (58 mg, 0.36 mmol)
are dissolved in 1.5 mL of DCM. The mixture is heated at 50°

pre-
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C. for 5 hrs. Then the solvent is removed in vacuum and the
residue is dissolved in 1.5 mL of EtOH. K,CO, (56 mg, 0.40
mmol) is added and the mixture is heated at 80° C. for 55 min.
Then the solvent is removed and the residue is partitioned
between water (35 mL) and EtOAc (55 mL). The aqueous
layer is separated and extracted with EtOAc (2x30 mL). The
organic layers are combined and concentrated to give the
crude product. To the crude product is added EtOAc (1 mL)
and the white solid formed is filtered, rinsed with EtOAc/
heptane (1:1) mixture and dried to give 34 mg of the titled
product.

Compound 10 in Table 1 is synthesized according to the
procedure for Example 2, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 3

Synthesis of 1-(6-Pyridin-3-yl-3,4-dihydro-2H-[1,8]
naphthyridin-1-yl)-ethanone (Cpd 3, Table 1)

N
]
x x + o +
[ Py
N N Cl
H N
]
S N/

N
/j\o
6-Pyridin-3-yl-1,2,3,4-tetrahydro-[ 1,8 Jnaphthyridine (41
mg, 0.19 mmol) is dissolved in 2 mL, of DCM and pyridine
(0.19 mL, 2.3 mmol) is added into the solution. Then acetyl
chloride (0.08 mL,, 1.2 mmol) is added. The mixture is stirred
for 0.5 hrs and saturated aqueous NaHCO; (2 mL) is added
along with water (3 mL). The mixture is extracted with EtOAc
(3x10 mL) and the organic layers are combined and concen-
trated to give the crude product. Purification by flash column
chromatography affords 37 mg of the titled product.
Compounds 4, 7 and 17 in Table 1 are synthesized accord-
ing to the procedure for Example 3, substituting either com-

mercially available reagents or the appropriate intermediates
described above.

3

Example 4
Synthesis of 6-(4-Methyl-pyridin-3-yl)-3.4-dihydro-

2H-[1,8]naphthyridine-1-carboxylic acid amide (Cpd
5, Table 1)

Br N
(fj/ g
| | Step 1
N
& HO

N N SN
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6-(4-Methyl-pyridin-3-y1)-1,2,3,4-tetrahydro-[ 1,8 ]naph-
thyridine is synthesized according to the procedure of Suzuki
Coupling Method [, using the intermediates illustrated above.

To the solution of 6-(4-Methyl-pyridin-3-y1)-1,2,3,4-tet-
rahydro-[1,8]naphthyridine (50 mg, 0.22 mmol) in 5.0 mL of
anhydrous DCM is added benzoyl isocyanate (39 mg, 0.24
mmol) and the solution is heated to reflux for 3 hrs. Then the
solvent is removed in vacuo and to the residue is added 5.0 mL.
of EtOH. Then K,CO; (61 mg, 44 mmol) is added and the
mixture is heated to reflux for 5 hrs. After cooling down to
room temperature, the solid is filtered off. The filtrate is
evaporated to dryness. The residue is dissolved in DCM,
washed with water and brine. The organic layer is separated,
dried over Na,SO,, filtered and concentrated. The crude
product is purified by preparative HPLC to give 14 mg of the
titled product.

Compounds 6, 12-16, 20, 22, 26, 84 and 155 in Table 1 are
synthesized according to the procedure for Example 4, sub-
stituting either commercially available reagents or the appro-
priate intermediates described above.

Example 5

Synthesis of 6-(5-Methoxy-pyridin-3-yl1)-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(Cpd 9, Table 1)

Br
/ |
N
N N *
O)\ NH,
N,
[
Ol s VY Step 1
! |
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6-Bromo-3,4-dihydro-2H-[ 1,8|naphthyridine-1-carboxy-

lic acid amide (30 mg, 0.12 mmol), 3-methoxy-5-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-pyridine (43 mg, 0.18
mmol) and K,CO; (32 mg, 0.23 mmol) are mixed in 1.0 mL,
of 1,4-dioxane and 0.10 mL of water. Argon gas is bubbled
through the mixture for 10 min and bis(di-tert-butyl(4-dim-
ethylaminophenyl)phosphine)dichloropalladium (II) (8.3
mg, 0.01 mmol) is added. The mixture is heated at 100° C. for
2 hrs. Then solvents are removed and EtOAc (20 mL) is
added. The mixture is filtered to remove any solid and the
filtrate is concentrated to give the crude product. Purification
by flash column chromatography affords 12.3 mg of the title
product.

Example 6

Synthesis of 6-(5-Acetyl-pyridin-3-yl1)-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid amide (Cpd

18, Table 1)
N
=4
+
~ Br
¢}
O, O
Step 1
B—B/
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To a solution of 1-(5-Bromo-pyridin-3-yl)-ethanone (1.6 g,
8.0 mmol) in 50 mL of 1,4-dioxane is added diboron pinacol
ester (2.5 g, 10.0 mmol) and KOAc (2.0 g, 20 mmol). The
mixture is evacuated and backfilled with Ar 3 times.
PdCl,dppt DCM complex (728 mg, 0.89 mmol) is added and
the mixture is heated at 70° C. for 19 hrs. Then the mixture is
cooled down to room temperature and the crude 1-[5-(4,4,5,
S-tetramethyl-[1,3,2]dioxaborolan-2-yl)-pyridin-3-yl]-etha-
none is used in the next step without purification.

6-Bromo-3,4-dihydro-2H-[1,8]naphthyridine-1-carboxy-
lic acid tert-butyl ester (2.1 g, 6.6 mmol) and 2.0 M Na,CO,
aqueous solution (10 mL, 20 mmol) are added into the above
reaction crude. The mixture is evacuated and backfilled with
Ar 3 times. PACL,dppf DCM complex (242 mg, 0.20 mmol) is
added and the mixture is stirred at 100° C. for 2 hrs. After the
reaction mixture is cooled down to room temperature, it is
partitioned between EtOAc/H,O. The layers are separated
and the aqueous layer is further extracted with EtOAc. The
combined organic layers are washed with brine, filtered
through diatomaceous earth and concentrated. The crude
mixture is purified by flash column chromatography to give
1.9 g of 6-(5-Acetyl-pyridin-3-yl)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid tert-butyl ester

6-(5-Acetyl-pyridin-3-y1)-3,4-dihydro-2H-[1,8|naphthy-

ridine-1-carboxylic acid tert-butyl ester (500 mg, 1.4 mmol)
is dissolved in 20 mL of 20% TFA in DCM. The mixture is
stirred at room temperature for 16 hrs. Then the solvent and
the extra reagent are removed and the residue is purified by
reversed phase chromatography to give 135 mg of 1-[5-(5,6,
7,8-tetrahydro-[ 1,8]naphthyridin-3-yl)-pyridin-3-yl]-etha-
none

1-[5-(5,6,7,8-Tetrahydro-[ 1,8 naphthyridin-3-y1)-pyridin-
3-yl]-ethanone (50 mg, 0.20 mmol) and benzoyl isocyanate
(48 mg, 0.30 mmol) are dissolved in 2.0 mLL of DCM. The
mixture is heated at 50° C. for 16 hrs. Then the solvent is
removed in vacuum and the residue is dissolved in 2.0 mL of
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EtOH. K,COj; (46 mg, 0.34 mmol) is added and the mixture
is heated at 80° C. for 45 min. The solvent is removed and the
residue is partitioned between water (35 mL) and EtOAc (75
mL). The aqueous layer is separated and extracted with DCM
(2x30 mL). The organic layers are combined and concen-
trated to give the crude product. EtOAc (2 mL) is added to the
crude and the white solid formed is filtered, rinsed with more
EtOAc (2x3 mL) and dried to give 30 mg of the titled product.

Example 7
Synthesis of 6-[5-(1-Hydroxy-ethyl)-pyridin-3-yl1]-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid
amide (Cpd 19, Table 1)
N,
| x
P (6]
7 | Step 1
—_—
x
N N
o)\ NH,
N,
A
F | P OH
|
N N
O)\ NH,
19

6-(5-Acetyl-pyridin-3-y1)-3,4-dihydro-2H-[ 1,8 |naphthy-
ridine-1-carboxylic acid amide (20 mg, 0.067 mmol) is dis-
solved in 2.0 mL. of MeOH and NaBH,, (7.7 mg, 0.20 mmol)
is added. The mixture is stirred for 30 min and then MeOH is
removed at room temperature and saturated aqueous NH,Cl
(2 mL) is added along with water (2 mL.) and EtOAc (5 mL).
The mixture is stirred for 5 min and the aqueous layer is
separated and extracted with EtOAc (2x3 ml). The organic
layers are combined and concentrated to give the crude prod-
uct. Purification by reversed phase chromatography affords
15 mg of the titled product.

Enantiomers are separated using chiral CO, Supercritical
Fluid Chromatography (Regis RegisPack 4.6x250 mm chiral
column, 5-35% 1 MeOH:1 isopropylamine:1 EtOH (1%
diethylamine) over 15 min at 3 ml./min, 200 Bar, 40° C., UV
254 nm detection) to give Compound 157 (retention time:
7.51 min) and Compound 158 (retention time: 9.67 min) in
Table 1.

Example 8

Synthesis of 5-(8-Carbamoyl-5,6,7,8-tetrahydro-[1,
8]naphthyridin-3-yl)-nicotinic acid (Cpd 21, Table 1)
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5-(5,6,7,8-Tetrahydro-[ 1,8]naphthyridin-3-yl)-nicotinic
acid methyl ester is synthesized according to the procedure of
Suzuki Coupling Method 1, as illustrated above.

To the solution of 5-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-
3-y])-nicotinic acid methyl ester (205 mg, 0.76 mmol) in 60
ml of anhydrous DCM is added benzoyl isocyanate (170 mg,
1.1 mmol) and the solution is heated to reflux for 3 hrs. Then
the solvent is removed in vacuo and to the residue is added 60
ml of MeOH. Then K,COj; (180 mg, 1.3 mmol) is added and
the mixture is heated to reflux for 0.5 hr. After cooling down,
the organic solvent is evaporated. The residue is taken up in
water and washed with DCM. The aqueous layer is separated
and purified by neutral preparative HPLC to give 120 mg of
the titled product.

Example 9

Synthesis of 5-(8-Carbamoyl-5,6,7,8-tetrahydro-[1,
8]naphthyridin-3-yl)-nicotinic acid methyl ester
(Cpd 23, Table 1)

| Step 1
—_—
OH
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23

To the solution of 5-(8-Carbamoyl-5,6,7,8-tetrahydro-[1,
8]naphthyridin-3-yl)-nicotinic acid (100 mg, 0.33 mmol) in
12 mL of toluene/MeOH 3:1 mixture is added 2.0 M trimeth-
ylsilyl-diazomethane (0.20 mL., 0.40 mmol) under N, atmo-
sphere. The reaction solution is stirred at room temperature
for 16 hrs. The solvents are removed in vacuo and the residue
is purified by preparative HPLC to give 33 mg of the titled
product.

Example 10

Synthesis of 6-[5-(1-Methyl-1H-indol-2-yl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-carboxy-
lic acid amide (Cpd 24, Table 1)
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1-(tert-Butoxycarbonyl)indole-2-boronic acid (900 mg,
3.5 mmol), 3,5-dibromo-pyridine (810 mg, 3.5 mmol), KOAc
(1.01 g, 10.4 mmol) and Pd(dppf)Cl, (252 mg, 0.35 mmol)
are mixed in 1,4-dioxane (70 mL) and heated to 80° C. for 2
hours. The mixture is filtered and the filtrate is concentrated.
The residue is dissolved in DCM and washed with water. The
organic layer is separated, dried over Na,SO,, filtered and
concentrated to afford the crude product which is purified by
column chromatography to give 320 mg of 2-(5-bromo-pyri-
din-3-yl)-indole-1-carboxylic acid tert-butyl ester.

2-(5-Bromo-pyridin-3-yl)-indole-1-carboxylic acid tert-
butyl ester (320 mg, 0.86 mmol) is added into 4.0 M HCI in
EtOAc (10 mL) and the solution is stirred at room tempera-
ture for 16 hrs. The solvent is evaporated and the residue is
dissolved in water and saturated aqueous NaHCOj solution is
used to adjusted the pH to 9-10. Then the mixture is extracted
with DCM for three times. The organic layers are combined,
dried over Na,SO,, filtered and concentrated to give 192 mg
of the crude 2-(5-bromo-pyridin-3-yl)-1H-indole which is
used in the next step directly.

60% NaH (84 mg, 2.1 mmol) is added to a solution of
2-(5-bromo-pyridin-3-yl)-1H-indole (192 mg, 0.70 mmol) in
THF (20 mL) and the temperature is kept below 0° C. After
the addition, the mixture is stirred at room temperature for 30
min. Mel (125 mg, 0.88 mmol) is added to the mixture at 0°
C. and the mixture is stirred at room temperature for 3 hrs.
Then the solvent is removed and the residue is dissolved in
EtOAc and washed with water. The organic layer is separated,
dried and concentrated. The crude product is purified by flash
column chromatography to give 173 mg of 2-(5-bromo-pyri-
din-3-y1)-1-methyl-1H-indole.
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2-(5-Bromo-pyridin-3-yl)-1-methyl-1H-indole (368 mg,
1.28 mmol), bis(pinacolato)diboron (390 mg, 1.54 mmol),
KOAc (377 mg, 3.85 mmol) and Pd(dppf)Cl, (94 mg, 0.13
mmol) are mixed in 1,4-dioxane (10 mL) and heated to reflux
for 1 h. The mixture is filtered and the filtrate is concentrated
to give 1l-methyl-2-[5-(4,4,5,5-tetramethyl-[1,3,2]diox-
aborolan-2-yl)-pyridin-3-yl]-1H-indole which is used in the
next step directly to prepare 6-[5-(1-methyl-1H-indol-2-y1)-
pyridin-3-yl]-1,2,3,4-tetrahydro-[1,8]naphthyridine is syn-
thesized according to the procedure of Suzuki Coupling
Method 1.

To a solution of 6-[5-(1-methyl-1H-indol-2-y1)-pyridin-3-
yl]-1,2,3,4-tetrahydro-[1,8|naphthyridine (110 mg; 0.32
mmol) in anhydrous DCM (5.0 mL) is added benzoyl isocy-
anate (71 mg; 0.48 mmol). The mixture is heated to reflux for
3 hrs. The solvent is removed and the residue is dissolved in
EtOH (5.0 ml). K,CO, (76 mg; 0.55 mmol) is added and the
mixture is heated to reflux for 1 hr. Then the solvent is
removed and the residue is purified by preparative HPLC to
give 74 mg of the titled product.

Example 11

Synthesis of 6-(4-Fluoro-pyridin-3-yl1)-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid amide (Cpd

25, Table 1)
F Br
[ —
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6-(4-Fluoro-pyridin-3-y1)-1,2,3 4-tetrahydro-[ 1,8 |naph-
thyridine is synthesized according to the procedure of Suzuki
Coupling Method 11, as illustrated above. It is then used to
prepare  6-(4-fluoro-pyridin-3-yl)-1,2,3 4-tetrahydro-[1,8]
naphthyridine (200 mg, 0.87 mmol) according to the proce-
dure of Urea Formation Method I.
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Compound 29 in Table 1 is synthesized according to the
procedure for Example 11, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 12

Synthesis of 7-(5-Fluoro-pyridin-3-y1)-2,3-dihydro-
pyrido[3,2-b][1,4]oxazine-4-carboxylic acid amide
(Cpd 27, Table 1)

0=

EI]QF

o NH,
27

7-(5-Fluoro-pyridin-3-yl)-3,4-dihydro-2H-pyrido[3,2-b]
[1,4]oxazine is synthesized according to the procedure of
Suzuki Coupling Method 1, as illustrated above.

7-(5-Fluoro-pyridin-3-yl)-3,4-dihydro-2H-pyrido[3,2-b]
[1,4]oxazine (500 mg, 2.2 mmol) is converted to 65 mg of the

titled product according to the procedure of Urea Formation
Method 1.

Example 13

Synthesis of 1-[7-(5-Fluoro-pyridin-3-yl)-2,3-dihy-
dro-pyrido[3,2-b][ 1,4]oxazin-4-yl]-ethanone (Cpd

28, Table 1)
N.
| A
O, F V. Step 1
[ A |
N N
H
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28

To a solution of 7-(5-fluoro-pyridin-3-y1)-3,4-dihydro-2H-
pyrido[3,2-b][1,4]oxazine (350 mg, 1.5 mmol) (which is syn-
thesized according to the procedure for Step 1 of Example 12)
in DCM (100 mL) is added pyridine (1.7 g 18 mmol), then
acetyl chloride (710 mg 9.1 mmol) is added dropwise. The
solution is stirred at room temperature for 16 hrs and the
solvent is removed. The residue is purified by preparative
HPLC to give 54 mg of the titled product.

Example 14
Synthesis of 6-Pyrazin-2-yl-3,4-dihydro-2H-[1,8]

naphthyridine-1-carboxylic acid amide (Cpd 30,
Table 1)

Br
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To a solution of 6-bromo-1,2,3,4-tetrahydro-[ 1,8 |naphthy-
ridine (350 mg, 1.6 mmol) in 14 ml of toluene/DMF 1:1
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mixed solvents are added 2-tributylstannanyl-pyrazine (670
mg 1.8 mmol) and Cs,CO; (1.6 g, 4.9 mmol). Then Pd(dppf)
Cl, (120 mg, 0.16 mmol) is added under N, atmosphere. The
mixture is heated at 110° C. for 16 hrs and the solvent is
removed under vacuum. The residue is purified by flash col-
umn chromatography to give 190 mg of 6-pyrazin-2-yl-1,2,
3,4-tetrahydro-[ 1,8]naphthyridine
6-Pyrazin-2-yl-1,2,3 4-tetrahydro-| 1,8 |naphthyridine

(190 mg, 0.90 mmol) is converted to 92 mg of the titled
product according to the procedure of Urea Formation
Method 1.

Example 15

Synthesis of 6-[5-(4-fluoro-phenyl)-pyridin-3-y1]-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid
amide (Cpd 31, Table 1)
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Step 4
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31

6-Bromo-3,4-dihydro-2H-[ 1,8|naphthyridine-1-carboxy-
lic acid tert-butyl ester (540 mg, 1.7 mmol), bis(pinacolato)
diboron (720 mg, 2.8 mmol) and KOAc (760 mg, 7.8 mmol)
and 1,1'-bis(diphenylphosphino)ferrocene (dppt) (48 mg,
0.086 mmol) are added into 15 mL of 1,4-dioxane and the
Argon gas is bubbled through the mixture for 5 min. Then
PdCl,dppf (63 mg, 0.086 mmol) is added. The mixture is
heated at 110° C. for 4.5 hrs and then the mixture is cooled
down to room temperature. The crude 6-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-y1)-3,4-dihydro-2H-[ 1,8]naphthyri-
dine-1-carboxylic acid tert-butyl ester is used in the next step
without purification.

3,5-Dibromo-pyridine (1.2 g, 5.2 mmol) and 2.0 M
Na,CO; aqueous solution (1.7 mL, 3.4 mmol) are added into
the above reaction solution. Argon gas is bubbled through the
mixture for 5 min. Then PACL,dppf (63 mg, 0.086 mmol) is
added. The mixture is heated at 110° C. for 4 hrs and the
mixture is cooled down to room temperature. Then 30 mL of
EtOAc and 20 mL of water are added and the organic layer is
separated. The aqueous layer is extracted with EtOAc (2x10
ml) and the organic layers are combined, dried and concen-
trated to give the crude product. Purification by the flash
column chromatography affords 534 mg of 6-(5-bromo-py-
ridin-3-y1)-3,4-dihydro-2H-[ 1,8 Jnaphthyridine-1-carboxylic
acid tert-butyl ester

6-(5-Bromo-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8 |naphthy-
ridine-1-carboxylic acid tert-butyl ester (260 mg, 0.67 mmol)
is dissolved in 3.0 mL of DCM and trifluoroacetic acid (1.0
ml, 12mmol)is added. The mixture is stirred for 21 hrs. Then
saturated aqueous NaHCO; is used to adjust the pH to about
8 and EtOAc (25 mL) along with 15 mL of water are added.
The mixture is stirred for 10 min and the aqueous layer is
separated and extracted with EtOAc (2x15 ml). The organic
layers are combined and concentrated to give 6-(5-bromo-
pyridin-3-y1)-1,2,3,4-tetrahydro-[1,8]naphthyridine which is
used in the next step without puification.

6-(5-Bromo-pyridin-3-yl)-1,2,3,4-tetrahydro-[ 1,8 |naph-
thyridine (190 mg, 0.67 mmol) and benzoyl isocyanate (220
mg, 1.3 mmol) are mixed in 3.0 mL of DCM and the mixture
is stirred at 50° C. for 2 hrs and room temperature for 16 hrs.
Then the solvent is removed and the residue is suspended in
3.0mL of EtOH. K,CO; (160 mg, 1.1 mmol) is added and the
mixture is heated at 70° C. for 30 min. Then the solvent is
removed and the residue is partitioned between water (20 mL)
and EtOAc (50 mL). The aqueous layer is separated and
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extracted with DCM (2x50 mL). The organic layers are com-
bined and concentrated to give the crude product. To the crude
product is added EtOAc (10 mL) and the solid formed is
filtered, washed again with EtOAc (2x10 mL) and dried to
give 158 mg of 6-(5-bromo-pyridin-3-yl)-3,4-dihydro-2H-[1,
8]naphthyridine-1-carboxylic acid amide.
6-(5-Bromo-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8]naphthy-

ridine-1-carboxylic acid amide (50 mg, 0.15 mmol), 4-fluo-
rophenylboronic acid (42 mg, 0.30 mmol) and 2.0 M Na,CO,
aqueous solution (0.15 mL, 0.30 mmol) are dissolved in 2.0
ml of 1,4-dioxane. The Argon gas is bubbled through the
solution for 5 min. Then PdCL,dppf (7.7 mg, 0.011 mmol) is
added. The mixture is heated at 100° C. for 2 hrs before it is
cooled down to room temperature. Then 30 mL, of DCM and
20 mL of water are added. The organic layer is separated and
the aqueous layer is extracted with DCM (2x20 mL). All the
organic layers are combined, dried and concentrated to give
crude product. Purification by flash column chromatography
followed by washing with EtOAc (2x1 mL) affords 35 mg of
the titled product.

Compounds 32 and 38 in Table 1 are synthesized according
to the procedure for Example 15, substituting either commer-
cially available reagents or the appropriate intermediates
described above.

Example 16

Synthesis of 6-[5-Fluoro-4-((R)-1-hydroxy-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 33, Table 1)
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3-Bromo-5-fluoro-pyridine (13 g, 74 mmol) is dissolved in
140 mL of dry THF and cooled down to —78° C. LDA solution
(44 mL, 2.0 M in THF, 88 mmol) is added and the mixture is
stirred for 2 hrs at =78° C. Then acetaldehyde solution (30
ml, 5.0 M in THF, 150 mmol) is added at -78° C. and the
reaction is continued for another 30 min. Then saturated
aqueous NH,Cl solution (200 mL) is added and the mixture is
warmed up to room temperature. EtOAc (100 mL) is added
along with 75 mL of water. The aqueous layer is separated and
extracted with EtOAc (2x75 mL). The organic layers are
combined and concentrated to give the crude product. Puri-
fication by flash column chromatography affords 14 g of the
racemic product. Chiral separation of the racemic product
using supercritical fluid chromatography affords 6.5 g of
(R)-1-(3-bromo-5-fluoro-pyridin-4-yl)-ethanol and 6.4 g of
(8)-1-(3-bromo-5-fluoro-pyridin-4-yl)-ethanol.

6-Bromo-3,4-dihydro-2H-[ 1,8|naphthyridine-1-carboxy-
lic acid amide (4.0 g, 16 mmol), bis(pinacolato)diboron (6.6
g, 26 mmol), KOAc (7.0 g, 71 mmol) and 1,1'-bis(diphe-
nylphosphino)ferrocene (dppf) (700 mg, 1.3 mmol) are added
into 140 ml. of 1,4-dioxane. The Argon gas is bubbled
through the solution for 5 min. Then PdCl,dppf (920 mg, 1.3
mmol) is added. The mixture is heated at 100° C. for 3.5 hrs
and 85° C. for 16 hrs. After the mixture is cooled down to
room temperature, 6-(4,4,5,5-tetramethyl-[1,3,2]dioxaboro-
lan-2-y1)-3,4-dihydro-2H-[1,8 naphthyridine-1-carboxylic
acid amide is used in the next step without purification.

(R)-1-(3-Bromo-5-fluoro-pyridin-4-yl)-ethanol (5.2 g, 24
mmol) and 2.0 M Na,CO; aqueous solution (16 ml, 32
mmol) are added into the reaction mixture from previous step.
The Argon gas is bubbled through the solution for 5 min. Then
PdClL,dppf (920 mg, 1.3 mmol) is added. The mixture is
heated at 95° C. for 3.5 hrs and then EtOAc (250 mL) and
water (100 mL) are added. The mixture is filtered off the solid.
The aqueous layer is separated and extracted with EtOAc
(2x75 mL). The organic layers are combined and concen-
trated to give the crude product. Purification by flash column
chromatography affords 1.5 g of 6-[5-fluoro-4-((R)-1-hy-
droxy-ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid amide.
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Compound 34 in Table 1 is synthesized according to the
procedure described above using the (S)-1-(3-bromo-5-
fluoro-pyridin-4-yl)-ethanol described above.

Example 17

Synthesis of 6-[4-(4-fluoro-phenyl)-pyridin-3-y1]-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid
amide (Cpd 35, Table 1)
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6-(4-Bromo-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8 |naphthy-
ridine-1-carboxylic acid amide is synthesized using the same
procedures for preparing 6-(5-bromo-pyridin-3-yl)-3.4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide in
Example 15, replacing 3,5-dibromo-pyridine with 4-bromo-
3-iodo-pyridine.

6-(4-Bromo-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8 |naphthy-
ridine-1-carboxylic acid amide (50 mg, 0.15 mmol), 4-fluo-
rophenylboronic acid (42 mg, 0.30 mmol) and 2.0 M Na,CO,
aqueous solution (0.15 mL, 0.30 mmol) are dissolved in 1.0
ml of 1,4-dioxane. The Argon gas is bubbled through the
solution for 5 min. Then PdCl,dppf (7.7 mg, 0.011 mmol) is
added. The mixture is heated at 100° C. for 3.5 hrs and then it
is cooled down to room temperature. 30 ml. of DCM and 20
ml, of water are added and the organic layer is separated. The
aqueous layer is extracted with DCM (2x20 mL) and all the
organic layers are combined, dried and concentrated to give
crude product. Purification by flash column chromatography
affords 39 mg of the titled compound.

Compounds 36 and 37 in Table 1 are synthesized according
to the procedure for Example 17, substituting either commer-
cially available reagents or the appropriate intermediates
described above.

Example 18

Synthesis of 6-(5-Carbamoyl-pyridin-3-yl)-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(Cpd 39, Table 1)
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6-Bromo-3,4-dihydro-2H-[1,8]naphthyridine-1-carboxy-
lic acid amide (50 mg, 0.20 mmol) is converted to 6-(4,4,5,
S-tetramethyl-[1,3,2]dioxaborolan-2-yl)-3,4-dihydro-2H-[1,
8]naphthyridine-1-carboxylic acid amide using the same
procedure for step 3 in Example 16. The reaction crude is used
in the next step without purification.

5-Bromo-nicotinamide (81 mg, 0.39 mmol) and 2.0 M
Na,CO; aqueous solution (0.20 mL, 0.40 mmol) are added
into the reaction solution from the previous step. The Argon
gas is bubbled through the solution for 5 min. Then PdCL,dppf
(7.2 mg, 0.010 mmol) is added. The mixture is heated at 100°
C. for 3.5 hrs and all the solvents are removed. To the residue
are added DCM (30 mL.) and MeOH (10 mL). The mixture is
stirred for 10 min and the solid is filtered. The filtrate is
concentrated to give the crude product. Purification by flash
column chromatography affords 11 mg of the titled product.

Compound 11 in Table 1 is synthesized according to the
procedure for Example 18, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 19

Synthesis of 6-[5-(Acetylamino-methyl)-pyridin-3-
yl]-3,4-dihydro-2H-[1,8|naphthyridine-1-carboxylic
acid amide (Cpd 40, Table 1)
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6-Bromo-3,4-dihydro-2H-[ 1,8|naphthyridine-1-carboxy-
lic acid amide (79 mg, 0.31 mmol), [5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-y1)-pyridin-3-ylmethyl]-carbamic
acid tert-butyl ester (205 mg, 0.61 mmol) and 2.0 M Na,CO,
aqueous solution (0.31 mL, 0.61 mmol) are dissolved in 2.0
ml of 1,4-dioxane. Argon gas is bubbled through the solution
for 5 min. Then PdCl,dppf (16 mg, 0.021 mmol) is added. The
mixtureis heated at 100° C. for 2 hrs and the mixture is cooled
down to room temperature. Then 30 mL of EtOAc and 20 mL
of water are added and the organic layer is separated. The
aqueous layer is extracted with EtOAc (2x20 mL). The
organic layers are combined, dried and concentrated to give
the crude product. Purification by flash column chromatog-
raphy affords 112 mg of [5-(8-carbamoyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-y1)-pyridin-3-ylmethyl]-carbamic acid
tert-butyl ester

[5-(8-Carbamoyl-5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-
yD)-pyridin-3-ylmethyl]-carbamic acid tert-butyl ester (100
mg, 0.26 mmol) is dissolved in 5.0 mL of DCM and trifluo-
roacetic acid (0.5 mL) is added. The mixture is stirred for 1 hr
and the solvent is removed in vacuo. The residue is dissolved
in MeOH and filtered through a StratoSpheres SPE cartridge
(PL-HCO, MP SPE) to remove the acid. The filtrate is then
concentrated to give 75 mg of 6-(5-aminomethyl-pyridin-3-
y1)-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic  acid
amide which is used in the next step without purification.

6-(5-Aminomethyl-pyridin-3-yl)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide (38 mg, 0.13 mmol),

w

10

25

40

45

50

150
acetic acid (0.015 mL, 0.27 mmol) and triethyl amine (0.056
ml, 0.40 mmol) are mixed in 2.5 ml. of acetonitrile. Then
TBTU (52 mg, 0.16 mmol) is added and the mixture is stirred
for 1 hrs. All the solvents are removed and the residue is first
purified by flash column chromatography and then filtered
through a StratoSpheres SPE cartridge (PL-HCO; MP SPE)
to remove the HOBt. The filtrate is concentrated and dried to
give 38 mg of the titled product.

Compounds 208 and 216 in Table 1 are synthesized accord-
ing to the procedure for Example 19, substituting either com-
mercially available reagents or the appropriate intermediates
described above.

Example 20
Synthesis of 6-[5-(Ethanesulfonylamino-methyl)-

pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 41, Table 1)
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6-(5-Aminomethyl-pyridin-3-y1)-3,4-dihydro-2H-[1,8]

naphthyridine-1-carboxylic acid amide (38 mg, 0.13 mmol),
which is prepared according to the procedures for Step 1 and
Step 2 of Example 19, is dissolved in 2.0 mL of DCM.
Ethanesulfonyl chloride (0.013 ml, 0.14 mmol) is added
followed by the addition of triethyl amine (0.035 mL, 0.25
mmol). The mixture is stirred for 1 hr and the solvent is
removed. The residue is purified by flash column chromatog-
raphy to give 33 mg of the titled product.

Example 21
Synthesis of 6-(5-Hydroxymethyl-pyridin-3-y1)-3,4-

dihydro-2H-[ 1,8]naphthyridine-1-carboxylic acid
amide (Cpd 42, Table 1)

Br
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6-[5-(tert-Butyl-dimethyl-silanyloxymethyl)-pyridin-3-
yl]-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic  acid
amide is synthesized according to the procedure for Step 1 of
Example 19.

6-[5-(tert-Butyl-dimethyl-silanyloxymethyl)-pyridin-3-
yl]-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic  acid
amide (40 mg, 0.10 mmol) is dissolved in 2.0 mL, of THF and
HF pyridine (0.04 mL) is added. The mixture is stirred for 2
hrs and saturated aqueous NaHCO, solution (5 mL) is added
along with water (10 mL) and EtOAc (25 mL). The mixture is
stirred for 10 min and the aqueous layer is separated,
extracted with EtOAc (2x10 mL). The organic layers are
combined and concentrated to give the crude product. Puri-
fication by flash column chromatography affords 26 mgof'the
titled product.

Example 22

Synthesis of 4,4-Difluoro-6-pyridin-3-yl-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(Cpd 43, Table 1)
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A mixture of 6-bromo-3,4-dihydro-2H-[1,8]naphthyri-
dine-1-carboxylic acid tert-butyl ester (2.16 g, 6.90 mmol)
and NaH,PO, (2.38 g, 17.2 mmol) in t-butanol and water (1:1
mixture, 300 mL) is heated to 50° C. and NaMnO, (11.4 g,
32.2 mmol) solution (aq.) is added. The mixture is heated for
2 hrs. The reaction mixture is cooled and solid Na,SO; is
added until the purple color disappears. 50 mL of EtOAc and
50 mL of water are added and the mixture is filtered through
diatomaceous earth to remove the black solid. The aqueous
layer of the filtrate is separated and extracted with 2x100 mL
of EtOAc. The organic layers are combined dried with
MgS0O, and concentrated to give the crude product. The prod-
uct is dissolved into CH,Cl, and purified via silica chroma-
tography to give 1.09 g 6-bromo-4-0x0-3,4-dihydro-2H-[1,
8]naphthyridine-1-carboxylic acid tert-butyl ester.

6-Bromo-4-0x0-3,4-dihydro-2H-[ 1,8 naphthyridine-1-
carboxylic acid tert-butyl ester (628 mg, 1.92 mmol) is dis-
solved into 3 mL of MeOH and 3 mL of 4 M HCI/1,4-dioxane
is added. The mixture is stirred for 16 h and concentrated to
dryness. The residue is dissolved into 10 mL. CH,Cl, and 10
ml of H,O and neutralized with saturated aqueous Na,COj,
solution. The aqueous layer is extracted with 2x20 mL of
CH,Cl,. The organic phase is dried with MgSO,,, filtered and
concentrated to give 386 mg of 6-bromo-2,3-dihydro-1H-[1,
8]naphthyridin-4-one
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The  6-bromo-2,3-dihydro-1H-[1,8naphthyridin-4-one
(82.8 mg, 0.36 mmol) is dissolved into 1 mL of CH,Cl, and 5
mL of diethylamino sulfur trifluoride. The mixture is stirred
for 4.5 days. The mixture is quenched by slow addition of the
mixture to ice. The solution is neutralized with the slow
addition of saturated aqueous NaHCO;. This is diluted with
50 mL EtOAc, washed with 2x20 mL of H,O and 1x20 mL of
brine. The organic phase is dried with MgSO,, filtered and
concentrated. The crude material is applied to a silica pre-
parative TLC plate and eluted with 70% EtOAc/hexanes to
give 86.2 mg of 6-bromo-4,4-difluoro-1,2,3,4-tetrahydro-[1,
8]naphthyridine

A mixture of 6-bromo-4,4-difluoro-1,2,3,4-tetrahydro-[1,
8]naphthyridine (86.2 mg, 0.35 mmol) and benzoyl isocyan-
ate (85.9 mg, 0.51 mmol, 90%) in 5 mL. CH,Cl, is heated at
50°C. for 2 hrs. The mixture is concentrated the dryness. The
residue is dissolved into 5 mL of EtOH, K,CO; (81.2 mg,
0.59 mmol) is added and the mixture is heated at 50° C. for 2
h. The mixture is concentrated to dryness. The residue is
dissolved into 20 ml of H,O and neutralized by the addition of
AcOH. This is extracted with 60 mL EtOAc, washed with
2x20 mL of H,O and 1x20 mL of brine. The organic phase is
dried with MgSQO,, filtered and concentrated. The residue is
applied to a silica preparative TLC plate and eluted (75%
EtOAc/hexanes) to give 89.6 mg of 6-bromo-4,4-difluoro-3,
4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic acid amide

A mixture of 6-bromo-4,4-difluoro-3,4-dihydro-2H [1,8]
naphthyridine-1-carboxylic acid amide (89.6 mg, 0.31
mmol), 3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-
pyridine (92.3 mg, 0.46 mmol), K,CO; (105 mg, 0.77 mmol)
and  bis(di-tert-butyl(4-dimethylaminophenyl)phosphine)
dichloropalladium (II) (21.8 mg, 0.03 mmol) in 1 mL diox-
ane/water (9:1) is heated at 100° C. for 2 hrs. 30 mL of EtOAc
is added. The mixture is washed with 2x10 mL of NaHCO,
and 1x10 mL brine. The organic phase is dried with MgSO,,,
filtered and concentrated. The residue is applied to a silica
preparative TL.C plate and purified (10% MeOH/CH,Cl,) to
give 39.9 mg of the titled product.

Example 23

Synthesis of 4-Hydroxy-6-pyridin-3-yl-3.4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid amide (Cpd

44, Table 1)
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A mixture of 6-bromo-4-0x0-3,4-dihydro-2H-[1,8]naph-
thyridine-1-carboxylic acid tert-butyl ester (228 mg, 1.00
mmol) and benzoyl isocyanate (207 mg, 1.41 mmol, 90%) in
5 mL CH,CI, is heated at 50° C. for 2 hrs. The mixture is
concentrated to give 375 mg of N-(6-bromo-4-0x0-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carbonyl)-benzamide which is
carried on without purification.

To the N-(6-bromo-4-ox0-3,4-dihydro-2H-[1,8]naphthy-
ridine-1-carbonyl)-benzamide (188 mg, 0.50 mmol) in 2 mL,
of MeOH is added NaBH, (38.0 mg, 1.00 mmol) in one
portion. The mixture is stirred for 30 min. and concentrated to
dryness. The residue is dissolved in 40 mL. EtOAc/H,O,
diluted with 10 mLL EtOAc and quenched with 20 mL of
saturated aqueous NH,Cl. The organic phase is washed with
2x20 mL of H,O and 1x20 mL of brine, dried with MgSO,,,
filtered and concentrated. The crude material is applied to a
silica preparative TLC plate and eluted with 100% EtOAc to
give 81.5 mg of 6-bromo-4-hydroxy-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide. This is converted to
the titled product using the procedure of Step 5 of Example
22.

Example 24

Synthesis of 6-[5-(3,6-Dihydro-2H-pyran-4-yl)-pyri-
din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 45, Table 1)
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6-(5-Bromo-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8 |naphthy-
ridine-1-carboxylic acid amide (100 mg, 0.30 mmol, whichis 15
prepared according to the procedure for Step 1 to Step 4 of
Example 15) is dissolved into 2 mL of dioxane/water (9:1).
4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-y1)-3,6-dihy-
dro-2H-pyran (94.6 mg, 0.45 mmol), K;PO, (318 mg, 1.50
mmol) and PdCL,(DPPF)CH,CI, (24.5 mg, 0.03 mmol) are
added. The mixture is heated at 100° C. for 48 hrs. The
mixture is diluted with 100 mI, EtOAc and quenched with
100 mL of saturated aqueous NH,Cl. The organic phase is
washed with 2x20 mL of H,O and 1x20 mL of brine. The
organic phase is dried with MgSO,,, filtered and concentrated.
The crude material is applied to a silica preparative TLC plate
and purified twice to give 52.1 mg of the titled product.

Compounds 46 and 47 in Table 1 are synthesized according
to the procedure for Example 24, substituting either commer-
cially available reagents or the appropriate intermediates
described above.

Example 25

Synthesis of 6-[5-(Tetrahydro-pyran-4-yl)-pyridin-3-
yl]-3,4-dihydro-2H-[1,8|naphthyridine-1-carboxylic
acid amide (Cpd 48, Table 1)

48 60

To a mixture of 6-[5-(3,6-dihydro-2H-pyran-4-yl)-pyri-
din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-carboxylic
acid amide (42.0 mg, 0.13 mmol) and 10% Pd/C (42 mg)
under Argon is added 2 ml of MeOH. Then ammonium
formate (10 eq) is as added and the mixture stirred for 26 hrs

156
at 80° C. The mixture is filtered, concentrated and purified by
Preparative HPLC system (10%-80% CH,CN/H20O) to give
31.1 mg of the titled product.

Example 26
Synthesis of 3-(5-Trifluoromethyl-pyridin-3-y1)-7,8-

dihydro-5H-6-0xa-1,9-diaza-benzocycloheptene-9-
carboxylic acid amide (Cpd 49, Table 1)
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(2-Amino-5-bromo-pyridin-3-yl)-methanol (360 mg, 1.8

mmol) is dissolved in 1.0 mL of 48% HBr aqueous solution.
The mixture is heated at 100° C. for 16 hrs. Then the majority
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of the water is removed in vacuo and toluene is added to
remove the water left. The residue is concentrated to give the
crude 5-bromo-3-bromomethyl-pyridin-2-ylamine hydro-
bromide which is used directly in the next step.

Hydroxy acetic acid ethyl ester (294 mg, 2.8 mmol) is
dissolved in 5.0 mL. of DMF and 60% sodium hydride (113
mg, 2.8 mmol) is added at 0° C. The mixture is stirred for 15
min and 5-bromo-3-bromomethyl-pyridin-2-ylamine hydro-
bromide (392 mg, 1.1 mmol)is added. The mixture is warmed
up to room temperature for 2.5 hr. Then water (15 mL) is
added along with EtOAc (30 mL). The mixture is stirred for
10 min and the aqueous layer is separated and extracted with
EtOAc (2x20 mL). The organic layers are combined and

concentrated to give (2-amino-5-bromo-pyridin-3-yl-
methoxy)-acetic acid ethyl ester.
(2-Amino-5-bromo-pyridin-3-ylmethoxy)-acetic acid

ethyl ester (381 mg, 1.3 mmol) is dissolved in 15 mL of
DMSO and 60% sodium hydride (53 mg, 1.3 mmol) is added.
The mixture is stirred for 4 hrs and then ice-cold water (100
ml) is added into reaction. The solid formed is filtered and
rinsed with more water (2x50 mL) and 50% EtOAc inheptane
(30 mL). Then it is dried to give 205 mg of 3-bromo-5,9-
dihydro-6-oxa-1,9-diaza-benzocyclohepten-8-one which is
used without purification.
3-Bromo-5,9-dihydro-6-oxa-1,9-diaza-benzocyclohep-
ten-8-one (205 mg, 0.84 mmol) and sodium borohydride (160
mg, 4.2 mmol) are dissolved in 1.0 mL. of THF and the
mixture is cooled down to 0° C. Neat BF, Et,0 (0.74 mL, 5.9
mmol) is added dropwise and the mixture is stirred for 3 hr at
room temperature. Then saturated aqueous NH,Cl solution
(15 mL) is added carefully and the mixture is further basified
by adding solid NaHCO;. The mixture is then extracted with
EtOAc (3x35 mL). The organic layers are combined and
concentrated to give the crude product. Purification by flash
column chromatography affords 78 mg of 3-bromo-5,7,8,9-
tetrahydro-6-oxa-1,9-diaza-benzocycloheptene
3-Bromo-5,7,8,9-tetrahydro-6-oxa-1,9-diaza-benzocyclo-
heptene (78 mg, 0.34 mmol), 3-(4,4,5,5-tetramethyl-[1,3,2]
dioxaborolan-2-yl)-5-trifluoromethyl-pyridine (190 mg, 0.68
mmol) and K,CO; (94 mg, 0.68 mmol) are mixed in 5.0 mL,
of 1,4-dioxane and 0.50 mL of water. Argon gas is bubbled
through the mixture for 10 min and bis(di-tert-butyl(4-dim-
ethylaminophenyl)phosphine)dichloropalladium (II) (24 mg,
0.034 mmol) is added. The mixture is heated at 100° C. for 5
hrs. Then EtOAc (25 mL) is added along with 20 mI. of water.
The mixture is stirred for 10 min and the organic layer is
separated. The aqueous layer is extracted with EtOAc (2x25
ml) and the organic layers are combined and concentrated to
give the crude product. Purification by flash column chroma-
tography affords 96 mg of 3-(5-trifluoromethyl-pyridin-3-
yD)-5,7,8,9-tetrahydro-6-oxa-1,9-diaza-benzocycloheptene
3-(5-Trifluoromethyl-pyridin-3-y1)-5,7,8,9-tetrahydro-6-
oxa-1,9-diaza-benzocycloheptene (96 mg, 0.33 mmol) and
benzoyl isocyanate (80 mg, 0.49 mmol) are mixed in 2.0 mL
of DCM and the mixture is heated at 50° C. for 16 hrs. Then
the solvent is removed and the residue is dissolved in 2.0 mL
of EtOH. K,CO; (76 mg, 0.55 mmol) is added and the mix-
ture is heated at 80° C. for 2 hrs. Then the solvent is removed
and the residue is partitioned between water (25 mlL) and
EtOAc (35 mL). The aqueous layer is separated and extracted
with EtOAc (2x30 mL). The organic layers are combined and
concentrated to give the crude product. Purification by flash
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column chromatography followed by washing with 2.0 mL of
EtOAc affords 47 mg of the titled product.

Example 27

Synthesis of 6-(4-Methoxy-pyridin-3-yl1)-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(Cpd 50, Table 1)
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6-(4-Methoxy-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8]naph-
thyridine-1-carboxylic acid tert-butyl ester is synthesized
according to the procedure of Suzuki Coupling Method I11, as
illustrated above.

6-(4-Methoxy-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8]naph-
thyridine-1-carboxylic acid tert-butyl ester (420 mg, 1.2
mmol) is dissolved in 20% trifluoroacetic acid in DCM (20
mL). The solution is stirred at room temperature for 16 hrs
and then the solvent is removed. The residue is dissolved in
DCM and saturated aqueous NaHCO, solution is used to
adjust the pH to 9~10. The organic layer is separated, dried
over Na,SO,, filtered and concentrated to give 290 mg of
6-(4-methoxy-pyridin-3-yl)-1,2.3.4-tetrahydro-[ 1,8 |naph-
thyridine (290 mg crude) which is converted to 38 mg of the
titled product according to the procedure of Urea Formation
Method 1.
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Example 28

US 9,181,272 B2

Synthesis of 3-(8-Carbamoyl-5,6,7,8-tetrahydro-[1,
8]naphthyridin-3-yl)-isonicotinic acid methyl ester 5
(Cpd 51, Table 1)
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6-(4-Methoxycarbonyl-pyridin-3-y1)-3,4-dihydro-2H-[ 1,
8]naphthyridine-1-carboxylic acid tert-butyl ester is synthe-
sized according to the procedure of Suzuki Coupling Method
1V, as illustrated above.

6-(4-Methoxycarbonyl-pyridin-3-y1)-3,4-dihydro-2H-[ 1,
8]naphthyridine-1-carboxylic acid tert-butyl ester (400 mg,
1.1 mmol) is dissolved in 1.25 M HCl in MeOH (200 mL.).
The mixture is stirred at 30° C. for 16 hrs. The solvent is
removed and the pH of the residue is adjusted to 9~10 using
saturated aqueous NaHCO; solution. The mixture is then
extracted with DCM and the organic layer is dried over
Na,SO,, filtered and concentrated to give 214 mg of 3-(5,6,
7,8-tetrahydro-[ 1,8]naphthyridin-3-yl)-isonicotinic acid
methyl ester which is used in the next step without further
purification.

To a solution 0f'3-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-
yD)-isonicotinic acid methyl ester (131 mg, 0.49 mmol) in
DCM (30 mL) is added benzoyl isocyanate (107 mg, 0.73
mmol). The mixture is heated to reflux for 3 hrs. The solvent
is then removed and the residue is dissolved in anhydrous
MeOH (10 mL). Then K,CO; (180 mg, 1.3 mmol) is added
and the mixture is heated to reflux for 0.5 h. After cooling
down, the organic solvent is evaporated. The residue is dis-
solved in water and washed with DCM. The water layer is
separated and purified by neutral preparative HPLC to give 80
mg of 3-(8-carbamoyl-5,6,7,8-tetrahydro-[1,8]naphthyridin-
3-yl)-isonicotinic acid.

To a solution of 3-(8-carbamoyl-5,6,7,8-tetrahydro-[1,8]
naphthyridin-3-yl)-isonicotinic acid (80 mg, 0.27 mmol) in
8.0 mL of toluene/MeOH 1:1 mixture is added 2.0 M trim-
ethylsilyl-diazomethane (0.20 mL, 0.40 mmol) under N,
atmosphere. The reaction solution is stirred at room tempera-
ture for 16 hrs. The solvent is removed and the residue is
purified by preparative HPLC to give 33 mg of the titled
product.

Example 29

Synthesis of 6-[4-Cyano-5-(1-methyl-1H-indol-2-
yD-pyridin-3-yl]-3.4-dihydro-2H-[ 1,8 |naphthyridine-
1-carboxylic acid amide (Cpd 52, Table 1)

Step 1
—_—
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-continued
N

52

6-[4-Cyano-5-(1-methyl-1H-indol-2-y1)-pyridin-3-y1]-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-bu-
tyl ester is synthesized according to the procedure of Suzuki
Coupling Method IV. The coupling fragment 3-bromo-5-(1-
methyl-1H-indol-2-yl)-isonicotinonitrile is prepared accord-
ing to the procedure for Step 1 to Step 3 of Example 10,
replacing the 3,5-dibromo-pyridine with commercially avail-
able 3,5-dibromo-4-cyanopyridine. 3-(1-Methyl-1H-indol-
2-y1)-5-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-yl)-isonico-
tinonitrile (285 mg, 0.78 mmol) is synthesized according to
the procedure for Step 2 of Example 50 using 20% trifluoro-
acetic acid in DCM as the reagent. It is then converted to 83
mg of the titled product according to the procedure of Urea
Formation Method 1.

Compound 156 in Table 1 is synthesized according to the
procedure for Example 29, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 30
Synthesis of 6-[4-(Acetylamino-methyl)-pyridin-3-

yl]-3,4-dihydro-2H-[1,8|naphthyridine-1-carboxylic
acid amide (Cpd 53, Table 1)
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To a solution of (3-bromopyridin-4-yl) methanamine (3.5
g, 19 mmol) in DCM (880 mL) is added Na,CO; (3.0 g, 28
mmol), then acetyl chloride (1.6 g, 21 mmol) is added at 0° C.
under N, atmosphere. The mixture is stirred at room tempera-
ture for 3 hrs and then it is diluted with DCM. The mixture is
washed with water and brine, dried over Na,SO,, filtered and
concentrated to give the crude product. Purification by flash
column chromatography affords 2.1 g of N-(3-Bromo-pyri-
din-4-ylmethyl)-acetamide.

6-[4-(Acetylamino-methyl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl ester is
synthesized according to the procedure of Suzuki Coupling
Method 111, as illustrated above.

N-[3-(5,6,7,8-Tetrahydro-[ 1,8]naphthyridin-3-yl)-pyri-
din-4-ylmethyl]-acetamide is then prepared according to the
procedure of Step 2 of Example 27 using 20% trifluoroacetic
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acid in DCM as the reagent. It is then converted to 64 mg of
the titled product according to the procedure of Urea Forma-
tion Method 1.

Example 31
Synthesis of 6-(4-Methoxymethyl-pyridin-3-y1)-3,4-

dihydro-2H-[ 1,8]naphthyridine-1-carboxylic acid
amide (Cpd 54, Table 1)
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To a solution of (3-bromo-pyridin-4-yl)-methanol (300
mg, 1.6 mmol) in THF (50 mL) at 0° C. is added 60% NaH (96
mg, 2.4 mmol). Then the mixture is stirred at room tempera-
ture for 30 min. Mel (270 mg, 1.9 mmol) is added to the
mixture at 0° C. and again the mixture is stirred at room
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temperature for 4 hrs. Then the reaction is quenched with
saturated NH,Cl aqueous solution and the mixture is
extracted with EtOAc. The organic layer is separated, dried
and concentrated to give the crude product. Purification by
prep-TLC affords 274 mg of 3-bromo-4-methoxymethyl-py-
ridine.

6-(4-Methoxymethyl-pyridin-3-y1)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid tert-butyl ester is synthe-
sized according to the procedure of Suzuki Coupling Method
1V, as illustrated above.

6-(4-Methoxymethyl-pyridin-3-y1)-1,2,3 4-tetrahydro-[ 1,
8]naphthyridine is prepared according to the procedure of
Step 2 of Example 27 using 20% trifluoroacetic acid in DCM
as the reagent and is then converted to 47 mg of the titled
product according to the procedure of Urea Formation
Method 1.

Example 32
Synthesis of 6-{5-[4-(Morpholine-4-carbonyl)-phe-

nyl]-pyridin-3-yl1}-3,4-dihydro-2H-[1,8]naphthyri-
dine-1-carboxylic acid amide (Cpd 55, Table 1)

N
[
/ / Br
| +
A
N N
O)\NHZ
HO\B _OH

55

6-(5-Bromo-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8]naphthy-
ridine-1-carboxylic acid amide (50 mg, 0.15 mmol), which is
synthesized according to the procedure for Step 1 to Step 4 of
Example 15, 4-(morpholine-4-carbonyl)phenylboronic acid
(71 mg, 0.30 mmol) and 2.0 M Na,CO; aqueous solution
(0.15mlL, 0.30 mmol) are dissolved in 2.0 mL of 1,4-dioxane.
The Argon gas is bubbled through the solution for 5 min. Then
PdCl,dppt (7.7 mg, 0.011 mmol) is added. The mixture is
heated at 100° C. for 2.5 hrs and it is cooled down to room
temperature. 30 mL. of DCM and 20 mL of water are added
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and the organic layer is separated. The aqueous layer is
extracted with DCM (2x20 mL) and EtOAc (2x10 mL). The
organic layers are combined, dried and concentrated to give
the crude product which is purified by flash column chroma-
tography to give 20 mg of the titled product.

Compounds 57, 63, 65, 71 and 72 in Table 1 are synthe-
sized according to the procedure for Example 32, substituting
either commercially available reagents or the appropriate
intermediates described above.

Example 33
Synthesis of 6-[5-(4-Fluoro-phenoxymethyl)-pyri-

din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 56, Table 1)
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F
Step 1
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O

6-(5-Hydroxymethyl-pyridin-3-y1)-3,4-dihydro-2H-[ 1,8]
naphthyridine-1-carboxylic acid tert-butyl ester (33 mg,
0.096 mmol), which is synthesized according to the proce-
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dure for Example 21, 4-fluoro-phenol (13 mg, 0.12 mmol)
and triphenylphosphine (30 mg, 0.12 mmol) are mixed in 1.0
ml of DCM and diisopropyl azodicarboxylate (0.021, 0.11
mmol) is added. The mixture is stirred for 16 hrs and the
reaction mixture is purified by flash column chromatography
to give 42 mg of 6-[5-(4-fluoro-phenoxymethyl)-pyridin-3-
yl]-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic  acid
tert-butyl ester
6-[5-(4-Fluoro-phenoxymethyl)-pyridin-3-yl]-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl ester
(42 mg, 0.096 mmol) is dissolved in 1.0 mL. of DCM and
trifluoroacetic acid (0.3 mL) is added. The mixture is stirred
for 16 hrs and then the solvent is removed. The residue is
dissolved in MeOH and filtered through Varian PL-HCO; MP
resin catridge to give 33 mg of 6-[5-(4-Fluoro-phenoxym-
ethyl)-pyridin-3-yl]-1,2,3,4-tetrahydro-[ 1,8 naphthyridine
which is used in the next step without purification.
6-[5-(4-Fluoro-phenoxymethyl)-pyridin-3-y1]-1,2,3,4-tet-
rahydro-[1,8]|naphthyridine (32 mg, 0.096 mmol) and ben-
7oyl isocyanate (24 mg, 0.14 mmol) are mixed in 1.0 mL of
DCM and the mixture is heated at 50° C. for 16 hrs. Then the
solvent is removed and the residue is dissolved in 1.0 mL of
EtOH. K,COj; (23 mg, 0.16 mmol) is added and the mixture
is heated at 80° C. for 45 min. Then the solvent is removed and
the residue is partitioned between water (35 mL) and EtOAc
(75 mL). The aqueous layer is separated and extracted with
EtOAc (2x30 mL). The organic layers are combined and
concentrated to give the crude product. Purification by flash
column chromatography affords 26 mg of the titled product.

Example 34

Synthesis of 6-(1',2',3',4',5',6'-Hexahydro-[3,4'bipy-
ridinyl-5-y1)-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 58, Table 1)

5-(8-Carbamoyl-5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-
y1)-3',6'-dihydro-2'H-[3,4 |bipyridinyl-1'-carboxylic acid
tert-butyl ester is prepared using the procedure for Example
24, is converted to the titled product according to the proce-
dure for Example 25.
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To the 5-(8-carbamoyl-5,6,7,8-tetrahydro-[ 1,8 naphthyri-
din-3-y1)-3',4",5',6'-tetrahydro-2'H-[3,4'|bipyridinyl-1'-car-
boxylic acid tert-butyl ester (19.3 mg, 0.04 mmol) in 1 mL of
CH,Cl, is added 1 mL of 4 M HCl in dioxane. The mixture is
stirred for 16 h. The mixture is concentrated to give 16.5 mg
of'6-(1',2',3',4',5',6'-hexahydro-[3,4]|bipyridinyl-5-y1)-3,4-di-
hydro-2H-[1,8]naphthyridine-1-carboxylic acid amide

Example 35

Synthesis of 6-[5-(1,1-Dioxo-1,2,3,6-tetrahydro-
1lambda6-thiopyran-4-y1)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid amide (Cpd

59, Table 1)

59

To 6-[5-(3,6-dihydro-2H-thiopyran-4-yl)-pyridin-3-yl1]-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(57 mg, 0.16 mmol) in 2 mL of 1:1 dioxane/H,O is added
oxone (266 mg, 0.32 mmol). The mixture is stirred for 2 h.
The mixture is quenched by addition of sodium sulfite and
concentrated. The residue is suspended into MeOH and fil-
tered. The filtrate is concentrated and purified via the Prepara-
tive HPLC (5%-70% CH;CN/H,0) to give 62.6 mg of the
titled product.

Example 36

Synthesis of 6-[5-(1,1-Dioxo-hexahydro-1lambda6-
thiopyran-4-yl)-pyridin-3-yl1]-3,4-dihydro-2H-[ 1,8]
naphthyridine-1-carboxylic acid amide (Cpd 60,
Table 1)
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-continued
N

To the mixture of 6-[5-(1,1-dioxo-1,2,3,6-tetrahydro-
1lambda6-thiopyran-4-yl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,
8]naphthyridine-1-carboxylic acid amide (56 mg, 0.15
mmol) and 10% Pd/C (17 mg) is added 2 mIL. of MeOH under
Ar. Then ammonium formate (140 mg, 2.20 mmol) is added
and the mixture is stirred for 1 hr at 80° C. The mixture is
filtered, concentrated and purified via Preparative HPL.C
(10%-80% CH,CN/H,0) to give 30.2 mg of the titled prod-
uct.

Example 37

Synthesis of 6-[4-(Ethanesulfonylamino-methyl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 61, Table 1)
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To a solution of (3-bromopyridin-4-yl) methanamine (720
mg, 3.9 mmol) in DCM (20 mL) is added Na,CO; (1.2 g, 11
mmol). Then ethanesulfonyl chloride (740 mg, 5.8 mmol) is
added dropwise under N, atmosphere at 0° C. The mixture is
stirred at room temperature for 16 hrs and it is diluted with
DCM. The mixture is washed with water and brine, dried over
Na,SO,, filtered and concentrated. The crude product is puri-
fied by flash column chromatography to give 600 mg of
ethanesulfonic acid (3-bromo-pyridin-4-ylmethyl)-amide.

6-[4-(Ethanesulfonylamino-methyl)-pyridin-3-yl1]-3,4-di-
hydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl
ester is synthesized according to the procedure of Suzuki
Coupling Method 111, as illustrated above.

Ethanesulfonic acid [3-(5,6,7,8-tetrahydro-[1,8]naphthy-
ridin-3-y1)-pyridin-4-ylmethyl]-amide is prepared according
to the procedure of Step 2 of Example 27 using 20% trifluo-
roacetic acid in DCM as the reagent.

Ethanesulfonic acid [3-(5,6,7,8-tetrahydro-[1,8]naphthy-
ridin-3-y1)-pyridin-4-ylmethyl]-amide (300 mg, 0.90 mmol)
is converted to 68 mg of the titled product according to the
procedure of Urea Formation Method 1.

61

Example 38

Synthesis of 6-[4-(4-Fluoro-phenoxymethyl)-pyri-
din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 62, Table 1)
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To a solution of (3-bromo-pyridin-4-yl)-methanol (650
mg, 3.5 mmol), 4-fluoro-phenol (260 mg, 2.3 mmol) and
PPh; (1.7 g, 6.4 mmol) in THF (50 mL) is added a solution of
di-tert-butyl azodicarboxylate (1.2 g, 5 mmol) in THF at 0° C.
After addition, the mixture is stirred at room temperature for
16 hrs. The solvent is removed and the residue is purified by
flash column chromatography to give 600 mg of 3-bromo-4-
(4-fluoro-phenoxymethyl)-pyridine.

6-[4-(4-Fluoro-phenoxymethyl)-pyridin-3-yl]-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl ester
is synthesized according to the procedure of Suzuki Coupling
Method 1V, as illustrated above.
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6-[4-(4-Fluoro-phenoxymethyl)-pyridin-3-yl]-1,2,3,4-tet-
rahydro-[1,8]|naphthyridine is prepared according to the pro-
cedure of Step 2 of Example 27 using 20% trifluoroacetic acid
in DCM as the reagent.

6-[4-(4-Fluoro-phenoxymethyl)-pyridin-3-yl]-1,2,3,4-tet-
rahydro-[1,8]|naphthyridine (200 mg, 0.60 mmol) is con-
verted to 80 mg of the titled product according to the proce-
dure of Urea Formation Method I.

Example 39
Synthesis of 6-[5-(1-Hydroxy-1-methyl-ethyl)-pyri-
din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 64, Table 1)
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1-[5-(5,6,7,8-Tetrahydro-| 1,8]naphthyridin-3-yl)-pyridin-

3-yl]-ethanone (40 mg, 0.16 mmol), which is synthesized
according to the procedure for Step 1 to Step 3 of Example 6,
is dissolved in 1.5 mI of THF and added into 0.5 mL of THF
containing 3.0 M methylmagnesium bromide (0.21 mL, 0.63
mmol). The mixture is stirred for 30 min and saturated aque-
ous NH,CI solution (2 mL) is added along with EtOAc (10
mL) and water (10 mL). The aqueous layer is separated and
extracted with EtOAc (3x10 ml). The organic layers are com-
bined and concentrated to give the crude product. Purification
by flash column chromatography affords 33 mg of 2-[5-(5,6,
7,8-tetrahydro-[ 1,8]naphthyridin-3-yl)-pyridin-3-yl]-pro-
pan-2-ol.

2-[5-(5,6,7,8-Tetrahydro-| 1,8|naphthyridin-3-yl)-pyridin-
3-yl]-propan-2-ol (33 mg, 0.12 mmol) and benzoyl isocyan-
ate (40 mg, 0.25 mmol) are mixed in 1.0 mL. of DCM and the
mixture is heated at 50° C. for 16 hrs. Then the solvent is
removed and the residue is dissolved in 1.0 mL of EtOH.
K,CO, (29 mg, 0.21 mmol) is added and the mixture is heated
at 80° C. for 2 hrs, cooled down to room temperature for 16
hrs and heated at 80° C. again for another 3 hrs. Then the
solvent is removed and the residue is partitioned between
water (15 mL) and EtOAc (25 mL). The aqueous layer is
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separated and extracted with EtOAc (2x30 mL). The organic
layers are combined and concentrated to give the crude prod-
uct. The crude is purified by flash column chromatography to
give 12 mg of the titled product.

Example 40

Synthesis of 6-[5-(3-Methanesulfonyl-propoxym-
ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid amide (Cpd 66, Table 1)

x
= Step 1
Br
OH
N
IS
| .
Br /
Br
\ O Step2
HO ﬁ
(0]
N
| X
Br /
+
O
25N
o (¢]
|
= P~0
| Step 3
N
N N
o)\ NH,
N,
| S
/
Z | o\\ //o
A O\/\/ §
N N ~
O)\ NIL
66

(5-Bromo-pyridin-3-yl)-methanol (500 mg, 2.7 mmol) and
triphenylphosphine (840 mg, 3.2 mmol) are dissolved in 12
ml of DCM and NBS (570 mg, 3.2 mmol) is added. The
mixture is stirred for 4 hrs and then the reaction mixture is
directly purified by flash column chromatography give 455
mg of 3-bromo-5-bromomethyl-pyridine.
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3-Methanesulfonyl-propan-1-ol (69 mg, 0.50 mmol) is dis-
solved in 2.0 mL. of DMF and 60% sodium hydride (20 mg,
0.50mmol) is added at 0° C. The mixture is stirred for 15 min
and 3-bromo-5-bromomethyl-pyridine (50 mg, 0.20 mmol) is
added. The mixture is stirred for 2 hrs and saturated aqueous
NH,Cl solution (3 mL)is added along with water (10 mL) and
EtOAc (10 mL). The mixture is stirred for 10 min and the
aqueous layer is separated and extracted with EtOAc (2x15
ml). The organic layers are combined and concentrated to
give the crude product. Purification by flash column chroma-
tography affords 61 mg of 3-bromo-5-(3-methanesulfonyl-
propoxymethyl)-pyridine.

3-Bromo-5-(3-methanesulfonyl-propoxymethyl)-pyri-
dine (61 mg, 0.20 mmol) and 2.0 M Na,CO; aqueous solution
(0.20 mL, 0.40 mmol) are added into the crude 6-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide 1,4-dioxane solution
(2.0 mL, 0.24 mmol) which is synthesized according to the
procedure for Step 3 of Example 16. Argon gas is bubbled
through the solution for 5 min. Then PdCl,dppf (7.3 mg,
0.010mmol) is added. The mixture is heated at 100° C. for3.5
hrs before EtOAc (15 mL) and water (15 mL) are added. The
aqueous layer is separated and extracted with EtOAc (2x10
mL). The organic layers are combined and concentrated to
give the crude product. Purification by flash column chroma-
tography affords 42 mg of the titled product.

Compounds 73, 253 and 254 in Table 1 are synthesized
according to the procedure for Example 40, substituting
either commercially available reagents or the appropriate
intermediates described above.

Chiral separation of the racemic Compound 253 (150 mg,
0.37 mmol) using Supercritical Fluid Chromatography (Col-
umn Chiralpak 1A 4.6x250 mm analytical, Mobile phase:
40% 1:1:1 MeOH:EtOH:IPA (0.1% DEA):CO2 @ 2 ml/min,
200 bar, 40° C.) affords 45 mg of Compound 169 (Retention
time 3.9 min) and 57 mg of Compound 170 (Retention time
5.7 min) in Table 1.

Example 41
Synthesis of 6-(4-Trifluoromethyl-pyridin-3-y1)-3,4-

dihydro-2H-[ 1,8]naphthyridine-1-carboxylic acid
amide (Cpd 67, Table 1)
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6-(4-Trifluoromethyl-pyridin-3-yl)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid tert-butyl ester is synthe-
sized according to the procedure of Suzuki Coupling Method
V, as illustrated above. It is then used in the synthesis of
6-(4-trifluvoromethyl-pyridin-3-yl)-1,2,3 4-tetrahydro-[ 1,8]
naphthyridine according to the procedure for Step 2 of
Example 27 using 20% trifluoroacetic acid in DCM as the
reagent.

6-(4-Trifluoromethyl-pyridin-3-y1)-1,2,3,4-tetrahydro-[ 1,
8]naphthyridine (350 mg, 1.3 mmol) is converted to 43 mg of
the titled product according to the procedure of Urea Forma-
tion Method 1.

Example 42

Synthesis of 6-(4-Carbamoyl-pyridin-3-yl)-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(Cpd 69, Table 1)
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6-(4,4,5,5-Tetramethyl-[ 1,3,2]dioxaborolan-2-y1)-3,4-di-
hydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl
ester (100 mg, 0.36 mmol), 3-bromo-isonicotinamide (80 mg,
0.40 mmol), saturated Na,CO; aqueous solution (1.0 m[L)
and Pd(PPh,),Cl, (24 mg, 0.034 mmol) are mixed in DME
(5.0 mL) and EtOH (5.0 mL). The reaction mixture is micro-
waved at 140° C. for 45 mins. Then mixture is diluted with
DCM and water. The organic layer is separated and concen-
trated to give the crude product. Purification by flash column
chromatography affords 30 mg 6-(4-carbamoyl-pyridin-3-
y1)-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic
tert-butyl ester. It is then used to prepare 3-(5,6,7,8-tetrahy-
dro-[1,8]naphthyridin-3-yl)-isonicotinamide according to
the procedure for Step 2 of Example 27 using 20% trifluoro-
acetic acid in DCM as the reagent.

3-(5,6,7,8-Tetrahydro-[ 1,8]naphthyridin-3-yl)-isonicoti-
namide (200 mg, 0.79 mmol) is converted to 38 mg of the

titled product according to the procedure of Urea Formation
Method 1.
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Example 43

Synthesis of 6-(5-Benzyloxy-pyridin-3-yl)-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(Cpd 70, Table 1)
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| A

F

Br (o) Step 1

(6] N

70

6-(5-Benzyloxy-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8]naph-
thyridine-1-carboxylic acid tert-butyl ester is synthesized
according to the procedure of Suzuki Coupling Method IV, as
illustrated above. It is then used to synthesize 6-(5-benzy-
loxy-pyridin-3-y1)-1,2,3,4-tetrahydro-[ 1,8 naphthyridine
according to the procedure for Step 2 of Example 27 using
20% trifluoroacetic acid in DCM as the reagent.

6-(5-Benzyloxy-pyridin-3-y1)-1,2,3 4-tetrahydro-[1,8]
naphthyridine (530 mg, 1.7 mmol) is converted to 188 mg of
the titled product according to the procedure of Urea Forma-
tion Method 1.
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Compound 68 in Table 1 is synthesized according to the
procedure for Example 43, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 44

Synthesis of 6-(5-Dimethylcarbamoylmethyl-pyri-
din-3-yl)-3,4-dihydro-2H-[1,8|naphthyridine-1-car-

boxylic acid amide (Cpd 74, Table 1) 10
N,
= 15
Br Va N \g ~~ Stepl
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(5-Bromo-pyridin-3-yl)-acetic acid (200 mg, 0.93 mmol), s,

2.0 M dimethylamine solution (0.93 mL, 1.9 mmol), HOBt
(25 mg, 0.19 mmol) and triethylamine (0.38 mL., 2.8 mmol)
are dissolved in 5.0 mL. of DMF. Then 1-ethyl-3-(3-dimethy-
laminopropyl)carbodiimide (290 mg, 1.9 mmol) is added.
The reaction mixture is stirred for 16 hrs before 30 mL of 55
water and 30 mL, of DCM are added. The aqueous layer is
separated and extracted with DCM (4x10 mL). The organic
layers are combined, dried and concentrated to give the crude
product which is purified by flash chromatography to give

180 mg of 2-(5-bromo-pyridin-3-y1)-N,N-dimethyl-aceta- 60
mide.
2-(5-Bromo-pyridin-3-y1)-N,N-dimethyl-acetamide (73

mg, 0.30 mmol) and 2.0 M Na,CO; aqueous solution (0.30
ml, 0.60 mmol) are added into the crude 6-(4,4,5,5-tetram-
ethyl-[1,3,2]dioxaborolan-2-y1)-3,4-dihydro-2H-[ 1,8 ]naph-

thyridine-1-carboxylic acid amide 1,4-dioxane solution (3.0
ml, 0.36 mmol) which is synthesized according to the pro-

65
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cedure for Step 3 of Example 16. The Argon gas is bubbled
through the solution for 5 min. Then PdCl,dppf (11 mg, 0.015
mmol) is added. The mixture is heated at 100° C. for 3.5 hrs
before EtOAc (15 mL) and water (15 mL) are added. The
aqueous layer is separated and extracted with EtOAc (2x10
mL). The organic layers are combined and concentrated to
give the crude product. Purification by flash column chroma-
tography affords 8.0 mg of the titled product.

Compounds 174, 177, 178 and 193 in Table 1 are synthe-
sized according to the procedure for Example 44, substituting
either commercially available reagents or the appropriate
intermediates described above.

Example 45

Synthesis of 1-[6-(5-Trifluoromethyl-pyridin-3-y1)-3,
4-dihydro-2H-[1,8]naphthyridin-1-yl]-ethanone (Cpd
75, Table 1)

75

6-(5-Trifluoromethyl-pyridin-3-y1)-1,2,3,4-tetrahydro-[ 1,
8]naphthyridine (200 mg, 0.72 mmol), whose synthesis is
described in Step 1 of Example 4, is dissolved in DCM (25
mL). Triethylamine (220 mg, 2.1 mmol) is added followed by
the addition of acetyl chloride (67 mg, 0.86 mmol) under N,
atmosphere at 0° C. The mixture is stirred at room tempera-
ture for 3 hrs. The solvent is removed and the residue is
purified by preparative TL.C to give 43 mg of the titled prod-
uct.

Example 46

Synthesis of 6-[5-(Tetrahydro-pyran-4-yloxym-
ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid amide (Cpd 76, Table 1)

N\ N
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Step 4
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76

(5-Bromo-pyridin-3-yl)-methanol (500 mg, 2.7 mmol) and
triphenylphosphine (840 mg, 3.2 mmol) are dissolved in 12
ml of DCM and NBS (570 mg, 3.2 mmol) is added. The
mixture is stirred for 4 hrs and the solvent is removed. The
residue is purified by flash column chromatography to give
455 mg of 3-bromo-5-bromomethyl-pyridine.

To a suspension of 60% NaH (640 mg, 16 mmol) in DMF
(80 mL) is added tetrahydro-pyran-4-ol (1.6 g, 16 mmol) at 0°
C. After the mixture is stirred at room temperature for 0.5 h,
3-bromo-5-bromomethyl-pyridine (1.6 g, 6.4 mmol) is added
at 0° C. under N, atmosphere. The mixture is stirred at room
temperature for 16 hrs. Then saturated NH,Cl aqueous solu-
tionis used to quench the reaction and the mixture is extracted
with DCM. The organic layers are combined, dried over
Na,SO,, filtered and concentrated. The crude product is puri-
fied by flash column chromatography to give 700 mg of
3-bromo-5-(tetrahydro-pyran-4-yloxymethyl)-pyridine.
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6-[5-(Tetrahydro-pyran-4-yloxymethyl)-pyridin-3-yl1]-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-bu-
tyl ester is synthesized according to the procedure of Suzuki
Coupling Method 1V, as illustrated above. It is then used to
prepare  6-[5-(tetrahydro-pyran-4-yloxymethyl)-pyridin-3-
yl]-1,2,3,4-tetrahydro-[ 1,8|naphthyridine according to the
procedure for Step 2 of Example 27 using 20% trifluoroacetic
acid in DCM as the reagent.

6-[5-(Tetrahydro-pyran-4-yloxymethyl)-pyridin-3-yl]-1,
2,3 4-tetrahydro-[ 1,8]naphthyridine (370 mg, 1.1 mmol) is
converted to 54 mg of the titled product according to the
procedure of Urea Formation Method 1.

Example 47

Synthesis of 6-(5-Dimethylcarbamoylmethoxym-
ethyl-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid amide (Cpd 77, Table 1)
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To a solution of (5-Bromo-pyridin-3-yl)-methanol (600
mg, 3.2 mmol) in THF (50 mL) is added 60% NaH (160 mg,
3.9 mmol) at 0° C. under N, atmosphere. The mixture is
stirred at room temperature for 1 hour. Then 2-chloro-N,N-
dimethyl-acetamide (420 mg, 3.5 mmol) is added into the
mixture at 0° C. After addition, the mixture is stirred at room
temperature for 16 hrs. After quenching with saturated NH,,Cl1
aqueous solution, the mixture is extracted with EtOAc for
three times. The organic layers are combined, dried over
Na,SO,, filtered and concentrated. The crude product is puri-
fied by preparative TLC to give 700 mg of 2-(5-bromo-pyri-
din-3-ylmethoxy)-N,N-dimethyl-acetamide.

6-(5-Dimethylcarbamoylmethoxymethyl-pyridin-3-y1)-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-bu-
tyl ester is synthesized according to the procedure of Suzuki
Coupling Method I1I, as illustrated above. It is then used to
prepare N ,N-dimethyl-2-[5-(5,6,7,8-tetrahydro-[ 1,8 |naph-
thyridin-3-yl)-pyridin-3-ylmethoxy|-acetamide according to
the procedure for Step 2 of Example 27 using 20% trifluoro-
acetic acid in DCM as the reagent.

N,N-Dimethyl-2-[5-(5,6,7,8-tetrahydro-[ 1,8 |naphthyri-
din-3-yl)-pyridin-3-ylmethoxy]-acetamide (150 mg, 0.46
mmol) is converted to 58 mg of the titled product according to
the procedure of Urea Formation Method 1.

Example 48

Synthesis of 6-[5-(4-Hydroxy-tetrahydro-pyran-4-
yD)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8]naphthyridine-
1-carboxylic acid amide (Cpd 78, Table 1)
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To 3,5-dibromopyridine (592 mg, 2.50 mmol) in 2 m[, of
THF at -20° C. is added 1.3M i-PrMgCl1_LiCl solution (1.83
ml, 2.4 mmol) in one portion. The mixture is allowed to stir
for30 min., warming to —10° C. The mixture is cooled to —20°
C. and tetrahydro-pyran-4-one (0.23 mL, 3.00 mmol) is
added. The reaction is quenched with 50 mL of saturated
aqueous NH,Cl and diluted with 200 mIL EtOAc. The organic
phase is washed with 2x100 mL of H,O, 1x100 mL of brine.
The organic phase is dried with MgSO,, filtered and concen-
trated. The crude material is applied to a silica column and
purified (0-10% MeOH/CH,Cl,) to give 168 mg of 4-(5-
bromo-pyridin-3-yl)-tetrahydro-pyran-4-ol.

To the crude 6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-
2-y1)-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic acid
amide (0.21 mmol, which is prepared according to the pro-
cedure for Step 3 of Example 16) is added 4-(5-bromo-pyri-
din-3-yl)-tetrahydro-pyran-4-o0l (65.9 mg, 0.26 mmol), PdC1,
(DPPF) (7.8 mg, 0.01 mmol) and Na,CO; (45.1 mg, 0.43
mmol). 0.1 mL. of H,O is added and the mixture is heated for
2 hrs at 80° C. The mixture is diluted with 50 mL EtOAc,
quenched with 20 mL of saturated aqueous NH,Cl, washed
with 2x20 mL of H,O and 1x20 mL of brine. The organic
phase is dried with MgSO,, filtered and concentrated. The
crude material is applied to a silica preparative TL.C plate, and
eluted (5% MeOH/CH,CL,) to give 73 mg of 6-[5-(4-Hy-
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droxy-tetrahydro-pyran-4-yl)-pyridin-3-yl]-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid amide.

Example 49

Synthesis of 6-(1'-Acetyl-1',2',3",4',5',6'-hexahydro-
[3,4'bipyridinyl-5-y1)-3,4-dihydro-2H-[ 1,8 |naphthy-
ridine-1-carboxylic acid amide (Cpd 79, Table 1)
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79

6-(5-Bromo-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8 |naphthy-
ridine-1-carboxylic acid amide (100 mg, 0.30 mmol), which
is synthesized according to the procedure for Step 1 to Step 4
of Example 15, 1-[4-(4,4,5,5-tetramethyl-[1,3,2|dioxaboro-
lan-2-y1)-3,6-dihydro-2H-pyridin-1-yl]-ethanone (150 mg,
0.60 mmol) and 2.0 M Na,CO; aqueous solution (0.30 mL,
0.60 mmol) are dissolved in 4.0 mL of 1,4-dioxane. The
Argon gas is bubbled through the solution for 5 min. Then
PdCl,dppf (15 mg, 0.021 mmol) is added. The mixture is
heated at 100° C. for 5 hrs and it is cooled down to room
temperature. 30 mL, of DCM and 20 mL. of water are added
and the organic layer is separated. The aqueous layer is
extracted with DCM (2x20 mL) and EtOAc (2x10 mL). The
organic layers are combined and concentrated to give the
crude product. Purification by flash column chromatography
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affords 91 mg of 6-(1'-acetyl-1',2",3",6'-tetrahydro-[3,4 | bipy-
ridinyl-5-y1)-3.4-dihydro-2H-[ 1,8 naphthyridine-1-car-
boxylic acid amide.

To a solution of 6-(1'-acetyl-1',2",3",6'-tetrahydro-[3,4]bi-
pyridinyl-5-y1)-3,4-dihydro-2H-[1,8|naphthyridine-1-car-
boxylic acid amide (91 mg, 0.24 mmol) in 2.0 m[. of MeOH
is added 10% Pd/C (38 mg, 0.036 mmol). Then ammonium
formate (60 mg, 0.96 mmol) is added and the mixture is
stirred for 2 hrs at 80° C. The solid of the reaction mixture is
filtered and the filtrate is concentrated to give the crude prod-
uct. Purification by flash column chromatography affords 38
mg of 6-(1'-acetyl-1',2',3"4'5" 6'-hexahydro-[3,4|bipyridi-
nyl-5-y1)-3,4-dihydro-2H-[ 1,8 |naphthyridine- 1-carboxylic
acid amide.

Example 50

Synthesis of 6-(5-Hydroxy-pyridin-3-yl)-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(Cpd 80, Table 1)
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To a suspension of 5-bromo-pyridin-3-ol (1.9 g, 10.9
mmol) in acetonitrile (152 mL) is added bromomethyl-ben-
zene (2.1 g, 12.0 mmol) and potassium carbonate (4.5 g, 32.8
mmol). The resultant mixture is stirred at room temperature
for 16 h. The crude product is purified by silica gel column to
afford 3-benzyloxy-5-bromo-pyridine (1.0 g).

To a solution of 6-bromo-3.4-dihydro-2H-[1,8 naphthyri-
dine-1-carboxylic acid tert-butyl ester (800 mg, 2.6 mmol) in
1,4-dioxane (64 mL) is added bis(pinacolato)diboron (714
mg, 2.8 mmol), 1,1'-bis(diphenylphosphino)ferrocenedichlo-
ropalladium (II) (187 mg, 0.26 mmol) and potassium acetate
(751 mg, 7.7 mmol) under nitrogen. The resultant mixture is
heated to reflux for 2 h. After cooling to rt, 3-benzyloxy-5-
bromo-pyridine (677 mg, 2.6 mmol), sodium carbonate (815
mg, 7.7 mmol) and additional 1,1'-bis(diphenylphosphino)
ferrocenedichloropalladium (II) (94 mg, 0.13 mmol) are
added under nitrogen. The reaction is heated to reflux for 16
h. The crude product is purified by silica gel column to obtain
6-(5-benzyloxy-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8 |naph-
thyridine-1-carboxylic acid tert-butyl ester (790 mg).

A solution of 6-(5-benzyloxy-pyridin-3-yl1)-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl ester
(790 mg, 1.9 mmol) in 20% TFA in DCM (21 mL) is stirred
at room temperature for 16 h. The solvent is removed under
vacuum to afford 6-(5-benzyloxy-pyridin-3-yl)-1,2,3.4-tet-
rahydro-[1,8]|naphthyridine (530 mg).

To a solution of 6-(5-benzyloxy-pyridin-3-yl)-1,2,3,4-tet-
rahydro-[1,8]|naphthyridine (530 mg, 1.7 mmol) in DCM (18
ml) is added benzoyl isocyanate (368 mg, 2.5 mmol). The
resultant mixture is heated at reflux for 2 h. The solvent is
removed under vacuum to obtain N-[6-(5-benzyloxy-pyri-
din-3-yl)-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-carbonyl]-
benzamide (620 mg).

To a mixture of N-[6-(5-benzyloxy-pyridin-3-yl)-3,4-di-
hydro-2H-[1,8]naphthyridine-1-carbonyl]-benzamide (620
mg, 1.3 mmol) in EtOH (23 ml) is added potassium carbonate
(276 mg, 2.0 mmol). The resultant mixture is heated at reflux
for 15 min. After cooling to rt, the solid is removed by filtra-
tion and the filtrate is concentrated under vacuum. The resi-
due is dissolved in DCM, washed with water and brine, and is
dried (Na,SO,). The solvent is evaporated and the crude
product is purified by silica gel column to afford 6-(5-benzy-
loxy-pyridin-3-y1)-3,4-dihydro-2H-[1,8|naphthyridine-1-
carboxylic acid amide (188 mg).
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A stirred suspension of 6-(5-benzyloxy-pyridin-3-y1)-3,4-
dihydro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(167 mg, 0.46 mmol) in EtOH (10 mL) is hydrogenated over
10% palladium on carbon (17 mg) under balloon pressure for
16 h. The catalyst is removed by filtration through diatoma-
ceous earth, washing well with DCM. The solvent is evapo-
rated to afford the title compound (125 mg).

Example 51

Synthesis of 6-[5-(Tetrahydro-pyran-4-ylmethoxy)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 81, Table 1)

81

To a solution of 6-(5-hydroxy-pyridin-3-yl1)-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid amide (25 mg,
0.092 mmol) in DMA (1 mL) is added 4-(bromomethyl)
tetrahydropyran (20 mg, 0.11 mmol) and cesium carbonate
(36 mg, 0.11 mmol). The resultant mixture is stirred at 70° C.
for 16 h. Water is added and the mixture is extracted with
EtOAc. The organic layers are combined, washed with brine
and dried (Na,SO,). The solvent is evaporated and the crude
product is purified by silica gel column eluting (0-10%
MeOH in DCM) to afford the title compound (17 mg).

Example 52

Synthesis of 6-[5-(3-Methanesulfonyl-propoxy)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 82, Table 1)
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To a solution of PPh, (20 g, 76 mmol) in THF (20 mL) is
added a solution of 5-bromo-pyridin-3-ol (5.0 g, 29 mmol) in
THF (10 mL). Then a solution of di-tert-butyl azodicarboxy-
late (16 g, 69 mmol) in THF (10 ml) is added. The mixture is
stirred at room temperature for 30 min and 3-methylsulfanyl-
propan-1-ol (3.3 g, 31 mmol) is added. The mixture is stirred
at room temperature for 16 hrs. Then the solid is filtered and
the filterate is concentrated. The residue is purified by flash
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column chromatography to give 4.5 g of 3-bromo-5-(3-me-
thylsulfanyl-propoxy)-pyridine.

To a solution of Oxone (12 g, 19 mmol) in H,O (60 mL) is
added a solution of 3-bromo-5-(3-methylsulfanyl-propoxy)-
pyridine (2.0 g, 8.0 mmol) in acetone (60 mL). The mixture is
stirred at room temperature for 16 hrs and the reaction is
quenched by saturated aqueous Na,S,O; solution. The mix-
ture is extracted with DCM and the organic layer is separated
and concentrated. The residue is purified by flash column
chromatography to give 2.0 g of 3-bromo-5-(3-methanesulfo-
nyl-propoxy)-pyridine 1-oxide.

To a mixture of 3-bromo-5-(3-methanesulfonyl-propoxy)-
pyridine 1-oxide (800 mg, 2.6 mmol) and saturated NH,Cl
aqueous solution (3.0 mL) in EtOH (100 mL) is added Fe
(0.73 g, 13 mmol). The reaction mixture is heated at 50° C. for
16 hrs. Then the solid is filtered and the filtrate is concen-
trated. To the residue is added DCM and the mixture is filtered
again and the filtrate is concentrated to give 0.25 g of
3-bromo-5-(3-methanesulfonyl-propoxy)-pyridine.

6-[5-(3-Methanesulfonyl-propoxy)-pyridin-3-yl]-3,4-di-
hydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl
ester is synthesized according to the procedure of Suzuki
Coupling Method 1V, as illustrated above.

6-[5-(3-Methanesulfonyl-propoxy)-pyridin-3-yl]-1,2,3,4-
tetrahydro-[1,8]naphthyridine (250 mg, 0.72 mmol) is syn-
thesized according to the procedure for Step 2 of Example 27
using 20% trifluoroacetic acid in DCM as the reagent. It is
then is converted to 25 mg of the titled product according to
the procedure of Urea Formation Method 1.

Example 53

Synthesis of 6-[5-(1-Acetyl-piperidin-4-yloxy)-pyri-
din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 83, Table 1)
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1-(4-Hydroxy-piperidin-1-yl)-ethanone (200 mg, 1.4

mmol) and 5-bromo-pyridin-3-ol (248 mg, 1.4 mmol) are
added to a solution of PPh, (606 mg, 2.3 mmol) in THF (30
mL). Then diisopropyl azodicarboxylate (462 mg, 2.3 mmol)
is added and the mixture is stirred at room temperature for 16
hrs. The mixture is then diluted with DCM, washed with
water, dried over Na,SO,, filtered and concentrated. The
residue is purified by flash column chromatography to give
250 mg of 1-[4-(5-bromo-pyridin-3-yloxy)-piperidin-1-yl]-
ethanone.
6-[5-(1-Acetyl-piperidin-4-yloxy)-pyridin-3-yl1]-3,4-di-
hydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl
ester is synthesized according to the procedure of Suzuki
Coupling Method 111, as illustrated above.
1-{4-[5-(5,6,7,8-Tetrahydro-[ 1,8]naphthyridin-3-yl)-pyri-
din-3-yloxy]-piperidin-1-yl}-ethanone  is  synthesized
according to the procedure for Step 2 of Example 27 using
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20% trifluoroacetic acid in DCM as the reagent. 1-{4-[5-(5,
6,7,8-Tetrahydro-[ 1,8]naphthyridin-3-yl)-pyridin-3-yloxy]-
piperidin-1-yl}-ethanone (200 mg, 0.57 mmol) is converted
to 34 mg of the titled product according to the procedure of
Urea Formation Method 1.

Example 54

Synthesis of 6-[5-(2-Hydroxy-2-methyl-propoxym-
ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid amide (Cpd 85, Table 1)
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Hydroxy-acetic acid ethyl ester (3.7 g, 36 mmol) is added
to a suspension of 60% NaH (1.5 g, 37 mmol) in DMF (70 ml)
at 0° C. and the mixture is stirred at room temperature for 15
min. Then 3-bromo-5-chloromethyl-pyridine (3.0 g, 15
mmol) is added to the mixture at 0° C. and the mixture is
stirred at room temperature for 16 hrs. The reaction is
quenched with saturated. NH,Cl aqueous solution, extracted
with EtOAc three times. The organic layers are combined,
washed with water and brine, dried over Na,SO, and concen-
trated. The residue is purified by flash column chromatogra-
phy to give 1.6 g of (5-bromo-pyridin-3-ylmethoxy)-acetic
acid ethyl ester. 1.0 M MeMgBr (7.5 mL, 7.5 mmol) is added
dropwise to a solution of (5-bromo-pyridin-3-ylmethoxy)-
acetic acid ethyl ester (1.6 g, 5.9 mmol) in THF (54 mL) at 0°
C. The mixture is stirred at room temperature for 16 hrs. Then
the mixture is diluted with EtOAc and washed with water and
brine. The organic layer is separated, dried over Na,SO, and
concentrated. The residue is purified by flash column chro-
matography to give 600 mg of 1-(5-bromo-pyridin-3-yl-
methoxy)-2-methyl-propan-2-ol. It is then converted to 6-[5-
(2-hydroxy-2-methyl-propoxymethyl)-pyridin-3-yl1]-3,4-
dihydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl
ester according to the procedure of Suzuki Coupling Method
v.

2-Methyl-1-[5-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-
yD)-pyridin-3-ylmethoxy|-propan-2-ol (300 mg, 0.96 mmol)
is then synthesized according to the procedure for Step 2 of
Example 27 using 20% trifluoroacetic acid in DCM as the
reagent. It is then used to prepare the titled product (34 mg)
according to the procedure of Urea Formation Method 1.

Example 55
Synthesis of 6-[5-(3-Methanesulfonyl-propyl)-pyri-

din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 86, Table 1)
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3-Methanesulfonyl-propene (2.4 g, 20 mmol), 3,5-di-
bromo-pyridine (4.7 g, 20 mmol), NaOAc (1.9 g, 60 mmol),
PPh; (1.6 g, 6.0 mmol) and Pd(OAc), (450 mg, 2.0 mmol) are
mixed in 1,4-dioxane (350 ml) and heated to reflux for 16 hrs.
The reaction mixture is filtered and the filtrate is concen-
trated. The residue is taken up in DCM and washed with
water. The organic layer is dried over Na,SO, and concen-
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trated. The crude product is purified by flash column chroma-
tography to give 2.0 g of 3-bromo-5-(-3-methanesulfonyl-
propenyl)-pyridine with some PPh,O.

The above intermediate is then used to prepare 6-[5-(-3-
methanesulfonyl-propenyl)-pyridin-3-yl1]-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid tert-butyl ester accord-
ing to the procedure of Suzuki Coupling Method V.

5% Pd on carbon (150 mg, 0.07 mmol) is added to a
solution of 6-[5-(-3-methanesulfonyl-propenyl)-pyridin-3-
yl]-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic  acid
tert-butyl ester (340 mg, 0.79 mmol) in MeOH (30 mL). The
mixture is stirred at room temperature under H, atmosphere
of 40 PSI for 16 hrs. After filtration, the filtrate is concentrated
to give 240 mg of 6-[5-(3-methanesulfonyl-propyl)-pyridin-
3-yl]-3,4-dihydro-2H-[ 1,8 naphthyridine-1-carboxylic acid
tert-butyl ester. This is then used to prepare 6-[5-(3-methane-
sulfonyl-propyl)-pyridin-3-y1]-1,2,3 4-tetrahydro-[1,8]
naphthyridine according to the procedure for Step 2 of
Example 27 using 20% trifluoroacetic acid in DCM as the
reagent.

6-[5-(3-Methanesulfonyl-propyl)-pyridin-3-y1]-1,2,3,4-
tetrahydro-[ 1,8]naphthyridine (400 mg, 1.2 mmol) is con-
verted to 38 mg of the titled product according to the proce-
dure of Urea Formation Method I.

Example 56

Synthesis of 6-(5-Morpholin-4-ylmethyl-pyridin-3-
y1)-3,4-dihydro-2H-[1,8|naphthyridine-1-carboxylic
acid amide (Cpd 87, Table 1)
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To a solution of 6-bromo-3.4-dihydro-2H-[1,8 naphthyri-
dine-1-carboxylic acid amide (500 mg, 2.0 mmol) in a mix-
ture of 1,4-dioxane (9 ml) and water (1 mlL) is added
S-formylpyridine-3-boronic acid pinacol ester (501 mg, 2.1
mmol), sodium carbonate (290 mg; 2.7 mmol), and 1,1'-bis
(diphenylphosphino)ferrocenedichloropalladium (II) (159
mg, 0.20 mmol). The resultant mixture is stirred at 100° C. for
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2 h. EtOAc is added and the mixture is washed with saturated
aqueous sodium bicarbonate solution, brine and is dried
(MgSO,,). The solvent is evaporated and the crude product is
purified by silica gel column (0-10% MeOH in DCM) to
afford 6-(5-formyl-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8 |naph-
thyridine-1-carboxylic acid amide (342 mg).

To a suspension of 6-(5-formyl-pyridin-3-y1)-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid amide (75 mg, 0.27
mmol) in 1,2-dicholoroethane (2 mL) is added morpholine
(47 ul, 0.53 mmol) and acetic acid (3 drops). The resultant
mixture is stirred at room temperature for 20 min after which
sodium triacetoxyborohydride (113 mg, 0.53 mmol) is added.
The mixture continues to stir at room temperature for 18 h.
The reaction mixture is concentrated and purified by HPL.C
(C18 column, 5-50% acetonitrile/water, both 0.1% v/v TFA)
and silica gel column (0-10% MeOH in DCM) to afford the
title compound (75 mg).

Compounds 88 and 89 in Table 1 are synthesized according
to the procedure for Example 56, substituting either commer-
cially available reagents or the appropriate intermediates
described above.

Example 57

Synthesis of 6-(5-morpholino-3-pyridyl)-3,4-dihy-
dro-2H-1,8-naphthyridine-1-carboxamide (Com-
pound 90, Table 1)
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In a sealable tube, to a mixture of 3,5-dibromo-pyridine
(3.3 g, 13.8 mmol) and NaOtBu (0.051 g, 23 mmol) in toluene
(70 mL), is added morpholine (1.0 g, 11.5 mmol). The mix-
ture is bubbled with Argon for 5 min, and then BINAP (428.9
mg, 0.69 mmol) and Pd,(dba); (210.2 mg, 0.23 mmol) are
added. The reaction mixture is bubbled with Argon for
another 5 min. Then the cap is sealed and the reaction mixture
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is heated at 120° C. overnight and then is cooled to room
temperature. The reaction mixture is filtered through diato-
maceous earth and washed with DCM. The filtrate is parti-
tioned between water and DCM. The aqueous phase is further
extracted with DCM (2x). The combined DCM phases are
concentrated. The crude is purified by flash chromatography
on a silica gel column (EtOAc/heptane 0 to 50% gradient,
then 50%) to provide 1.42 g of 4-(5-bromo-3-pyridyl)mor-
pholine.

In a sealed tube which contains the crude 6-(4,4,5,5-tet-
ramethyl-[1,3,2]dioxaborolan-2-y1)-3,4-dihydro-2H-[ 1,8]
naphthyridine-1-carboxylic acid amide (generated according
to the procedure for Step 3 of Example 16 in Sml 1,4-dioxane,
0.78 mmol) is added 4-(5-bromo-pyridin-3-yl)-morpholine
(228 mg, 0.94 mmol), Na,CO; (166 mg, 1.56 mmol) and
water (1.0 ml). The mixture is bubbled with Argon for 5 min.
Then PdCl,(DPPF) DCM complex (64 mg, 0.078 mmol) is
added. The mixture is then bubbled with Argon for 5 min. The
cap is sealed and the mixture is heated at 90° C. in oil bath for
1 h. The reaction mixture is cooled to room temperature. The
reaction mixture is filtered through diatomaceous earth and
washed with DCM. The filtrate is partitioned between water
and DCM. The aqueous phase is extracted with DCM. The
combined DCM phases are concentrated. The crude is puri-
fied by flash silica gel column (MeOH/DCM 0 to 4% gradi-
ent, then 4%). The fractions which contain the desired prod-
uct are combined, concentrated and further purified by C-18
prep HPLC (MeCN with 0.1% TFA/Water with 0.1% TFA, 20
ml/min, 0 to 45% gradient over 10 min run). The desired
fractions are combined and basified by 1N Na,CO; to pH=10,
and are extracted by DCM. The DCM phases are combined
and concentrated under vacuum to obtain 60 mg of the title
compound.

Compounds 92 and 93 in Table 1 are synthesized according
to the procedure for Example 57, substituting either commer-
cially available reagents or the appropriate intermediates
described above.

Example 58

Synthesis of 6-[5-(2,2,2-Trifluoro-1-hydroxy-1-me-
thyl-ethyl)-3-pyridyl]-3,4-dihydro-2H-1,8-naphthyri-
dine-1-carboxamide (Cpd 91, Table 1)
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To a solution of 1-(5-bromo-pyridin-3-yl)-ethanone (1.0 g,
5.0 mmol) in THF (dry, 25 ml) at room temperature is added
tetrabutyl-ammonium fluoride (0.35 ml, 1M in THF, 0.35
mmol). Then trimethyl-trifluoromethyl-silane (3.25 ml, 2.0M
in THEF, 6.5 mmol) is added to the reaction mixture dropwise.
The reaction mixture is stirred for 3 h. Then HC1 (4N, 6.6 ml,
26.5 mmol) is added to the mixture. The reaction mixture is
stirred for 4 h at room temperature and then is neutralized by
adding Na,CO; powder slowly. The resulting mixture is par-
titioned between water and EtOAc, and the aqueous phase is
extracted with EtOAc. The combined organic phases are con-
centrated in vacuo. The crude mixture is separated by flash
silica gel column (EtOAc/Heptane 0 to 30% gradient, then
30%) to obtain 1.12 g 2-(5-bromo-3-pyridyl)-1,1,1-trifluoro-
propan-2-ol.

In a sealed tube which contains the crude 6-(4,4,5,5-tet-
ramethyl-[1,3,2]dioxaborolan-2-y1)-3,4-dihydro-2H-[ 1,8]
naphthyridine-1-carboxylic acid amide (generated according
to the procedure for Step 3 of Example 16 in 5 ml 1,4-dioxane,
0.78 mmol) is added 2-(5-bromo-pyridin-3-yl)-1,1,1-trif-
luoro-propan-2-ol (253 mg, 0.94 mmol.), Na,CO; (166 mg,
1.56 mmol) and water (1.0 ml). The mixture is bubbled with
Ar for 5 min. Then PdCl,(DPPF) DCM complex (64 mg,
0.078 mmol) is added. The mixture is then bubbled with Ar
for 5 min. The cap is sealed and the mixture is heated at 90° C.
in oil bath for 1 h and then is cooled to room temperature. The
reaction mixture is filtered through diatomaceous earth and
washed with DCM. The filtrate is partitioned between water
and DCM. The aqueous phase is extracted with DCM. The
combined DCM phases are concentrated. The crude is sepa-
rated by flash silica gel column (EtOAc/heptane 0 to 100%
gradient, then 100%). The fractions which contain the desired
product are combined, concentrated and further purified by
C-18 prep HPLC (MeCN with 0.1% TFA/Water with 0.1%
TFA, 20 ml/min, 0 to 65% gradient over 10 min run). The
desired fractions are combined and basified by 1N Na,CO; to
pH=10, and is extracted by DCM. The DCM phases are
combined and concentrated under vacuum to obtain 69 mg of
the title compound.

Example 59
6-[5-(1-Hydroxy-cyclobutyl)-pyridin-3-yl1]-3,4-dihy-

dro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(Cpd 94, Table 1)
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To a cooled (-20° C.) solution of 3,5-dibromopyridine
(592 mg, 2.5 mmol) in THF (2 mL) is added a solution of
isopropylmagnesium chloride-lithium chloride complex in
THF (1.7 M, 1.4 mL, 2.4 mmol). The resultant mixture is
stirred warming to —-10° C. for 30 min. The mixture is
recooled to -20° C. and cyclobutanone (230 puL., 3.0 mmol) is
added. After stirring for 1 h, the reaction is quenched with
saturated aqueous ammonium chloride solution and is
extracted with EtOAc. The combined organic extracts are
washed with water and brine, dried (MgSO,) and concen-
trated under reduced pressure. Purification by silica gel col-
umn chromatography (0-10% MeOH in DCM) provided
1-(5-bromo-pyridin-3-yl)-cyclobutanol (322 mg).

A vial containing 6-bromo-3,4-dihydro-2H-[1,8]naphthy-
ridine-1-carboxylic acid amide (150 mg, 0.59 mmol), bis
(pinacolato)diboron (245 mg, 0.97 mmol), 1,1'-bis(diphe-
nylphosphino)ferrocenedichloropalladium (IT) (21 mg, 0.029
mmol) and potassium acetate (259 mg, 2.6 mmol) in 1,4-
dioxane (14 mL) is flushed with Ar, sealed tightly and heated
to 80° C. for 2 h. The reaction mixture is cooled to room
temperature and  1-(5-bromo-pyridin-3-yl)-cyclobutanol
(114 mg, 0.50 mmol), aqueous sodium carbonate solution
(2M, 590 pl, 1.2 mmol) and additional 1,1'-bis(diphe-
nylphosphino)ferrocenedichloropalladium (IT) (21 mg, 0.029
mmol) are added. The mixture is flushed with Ar, sealed
tightly and heated to 100° C. for 2 h. After cooling to room
temperature the mixture is filtered through diatomaceous
earth, rinsing thoroughly with EtOAc. The filtrate is concen-
trated and purified by HPLC (C18 column, 5-50% acetoni-
trile/water, both 0.1% v/v TFA) to provide the title compound
(107 mg).

Example 60

Synthesis of 6-[5-(2-Hydroxy-1,1-dimethyl-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 95, Table 1)
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To a cooled (0° C.) solution of NaH (60% dispersion in
mineral oil, 822 mg, 0.034 mol) in DMF (40 mL) is added
(5-bromo-pyridin-3-yl)-acetic acid ethyl ester (3.8 g, 0.016
mol). After 2 h, iodomethane (6.4 g, 0.045 mol) is added. The
resulting mixture is stirred at room temperature for 5 h. The
reaction is quenched with the addition of water and is
extracted with EtOAc. The combined organic layers are dried
(Na,S0O,) and concentrated. The crude product is purified by
silica gel column to afford 2-(5-bromo-pyridin-3-yl)-2-me-
thyl-propionic acid ethyl ester (2.4 g).

To a solution of 2-(5-bromo-pyridin-3-y1)-2-methyl-propi-
onic acid ethyl ester (2.4 g, 0.009 mol) in MeOH (30 mL) is
added sodium borohydride (1.7 g, 0.044 mol). The resulting
mixture is heated to reflux for 5 h. The reaction is cooled to
room temperature and concentrated then is washed with water
and extracted with DCM. The combined organic layers are
dried (Na,SO,), concentrated and purified by silica gel col-
umn to obtain 2-(5-bromo-pyridin-3-yl)-2-methyl-propan-1-
0l (661 mg).

A vial containing 6-bromo-3,4-dihydro-2H-[1,8|naphthy-
ridine-1-carboxylic acid amide (150 mg, 0.59 mmol), bis
(pinacolato)diboron (245 mg, 0.97 mmol), 1,1'-bis(diphe-
nylphosphino)ferrocenedichloropalladium (IT) (21 mg, 0.029
mmol) and potassium acetate (259 mg, 2.6 mmol) in 1,4-
dioxane (2 mL)is flushed with Ar, sealed tightly and heated to
80° C. for 2 h. The reaction mixture is cooled to room tem-
perature and 2-(5-bromo-pyridin-3-yl)-2-methyl-propan-1-
ol (114 mg, 0.50 mmol), aqueous sodium carbonate solution
(2M, 590 pl, 1.2 mmol) and additional 1,1'-bis(diphe-
nylphosphino)ferrocenedichloropalladium (IT) (21 mg, 0.029
mmol) are added. The mixture is flushed with Ar, sealed
tightly and heated to 100° C. for 2 h. After cooling to room
temperature the mixture is filtered through diatomaceous
earth, rinsing thoroughly with EtOAc. The filtrate is concen-
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trated and purified by HPLC (C18 column, 5-50% acetoni-
trile/water, both 0.1% v/v TFA) to provide the title compound
(110 mg).

Example 61

Synthesis of 5-[5-(1-Acetyl-piperidin-4-yloxym-
ethyl)-pyridin-3-yl]-2,3-dihydro-pyrrolo[2,3-b]pyri-
dine-1-carboxylic acid amide (Cpd 96, Table 1)

gq
Q.

A vial containing 5-bromo-2,3-dihydro-pyrrolo[2,3-b|py-
ridine-1-carboxylic acid amide (150 mg, 0.62 mmol), bis
(pinacolato)diboron (260 mg, 1.02 mmol), 1,1'-bis(diphe-
nylphosphino)ferrocenedichloropalladium (II) (23 mg, 0.031
mmol) and potassium acetate (274 mg, 2.79 mmol) in 1,4-
dioxane (2 mL)is flushed with Ar, sealed tightly and heated to
80° C. for 2 h. The reaction mixture is cooled to room tem-
perature and 1-[4-(5-bromo-pyridin-3-ylmethoxy)-piperi-
din-1-yl]-ethanone (165 mg, 0.53 mmol), aqueous sodium
carbonate solution (2M, 620 ul,, 1.2 mmol) and additional
1,1'-bis(diphenylphosphino)ferrocenedichloropalladium (II)
(23 mg, 0.031 mmol) are added. The mixture is flushed with
Ar, sealed tightly and heated to 100° C. for 2 h. After cooling
to room temperature the mixture is filtered through diatoma-
ceous earth, rinsing thoroughly with EtOAc. The filtrate is
concentrated and purified by HPLC (C18 column, 5-50%
acetonitrile/water, both 0.1% v/v TFA) to provide the title
compound (124 mg).

Example 62

Synthesis of 6-[5-(1-Hydroxy-2-methyl-propyl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 97, Table 1)
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A vial containing 6-bromo-3,4-dihydro-2H-[1,8|naphthy-
ridine-1-carboxylic acid tert-butyl ester (3.35 g, 10.7 mmol),
S-formylpyridine-3-boronic acid pinacol ester (2.74 g, 11.8
mmol), 1,1'-bis(diphenylphosphino)ferrocenedichloropalla-
dium (II) (870 mg, 1.1 mmol), and aqueous sodium carbonate
solution (2M, 7.5 mI,, 15.0 mmol) in 1,4-dioxane (75 mL) is
flushed with Ar, sealed tightly and heated to 100° C. for 1 h.
The reaction mixture is cooled to room temperature and par-
titioned between water and EtOAc. The layers are separated
and the aqueous is further extracted with EtOAc. The com-
bined organic layers are washed with brine and filtered
through diatomaceous earth, rinsing well with EtOAc. The
filtrate is dried (Na,SO,) and concentrated. The crude prod-
uct is purified on silica gel column (25-100% EtOAc in hep-
tane) to afford 6-(5-formyl-pyridin-3-yl)-3,4-dihydro-2H-[1,
8]naphthyridine-1-carboxylic acid tert-butyl ester (2.9 g).

To a cooled (0° C.) suspension of 6-(5-formyl-pyridin-3-
y1)-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic  acid
tert-butyl ester (125 mg, 0.37 mmol) in THF (1 mL) is added
a solution of isopropylmagnesium chloride in THF (1.3M,
850 pL, 1.1 mmol). The resultant mixture is stirred warming
to room temperature for 3 h. The reaction is quenched with
saturated aqueous ammonium chloride solution and is
extracted with EtOAc. The combined organic extracts are
washed with water and brine, dried (Na,SO,) and concen-
trated under reduced pressure. The residue is taken up in
MeOH (1 mL) and 4N HCl in 1,4-dioxane (1 mL) is added.
The reaction is stirred at room temperature for 16 h then is
concentrated to provide 2-methyl-1-[5-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-y1)-pyridin-3-yl]-propan-1-ol (124 mg)
as the dihydrochloride salt.

To a cooled (0° C.) solution of 2-methyl-1-[5-(5,6,7,8-
tetrahydro-[1,8]naphthyridin-3-yl)-pyridin-3-yl]-propan-1-
ol (122 mg, 0.34 mmol) in DCM (1.5 mL) is added trichlo-
roacetyl isocyanate (43 uL, 0.36 mmol). After stirring at 0° C.
for 1 h, asolution of methanolic KOH (1.0 M, 1 mL) is added.
The resulting mixture is allowed to warm and stir at room
temperature for 1 h. Additional methanolic KOH (1M, 1 mL)
is added and the reaction continues to stir at room temperature
for 16 h. The reaction is concentrated and purified by HPL.C
(C18 column, 5-50% acetonitrile/water, both 0.1% v/v TFA)
to provide the title compound (28 mg).
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Example 63

Synthesis of 6-[5-(2-morpholinoethoxymethyl)-3-
pyridyl]-3,4-dihydro-2H-1,8-naphthyridine-1-car-
boxamide (Cpd 98, Table 1)
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To the NaH (484 mg, 60% in mineral oil, 12.1 mmol) in
DMF (dry, 1 mL) at 0° C., is slowly added 2-morpholin-4-yl-
ethanol (1.47 ml, 12.1 mmol). Then the mixture is stirred at 0°
C. for 30 min. 3-bromo-5-chloromethyl-pyridine (500 mg,
2.42 mmol) is added at 0° C. The mixture is then stirred at
room temperature overnight and is quenched by adding water
dropwise. The mixture is partitioned between DCM and
water. The DCM phase is separated and then washed with
water twice. The DCM phase is evaporated under high
vacuum. The residue is separated by silica gel flash column
(MeOH/DCM 0to 5% gradient, then 5%) to obtain 370 mg of
4-[2-[(5-bromo-3-pyridyl)methoxy]ethylJmorpholine.

To a sealed tube which contained the crude 6-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide (generated according
to the procedure for Step 3 of Example 16 in Sml 1,4-dioxane,
0.78 mmol) is added 4-[2-(5-bromo-pyridin-3-ylmethoxy)-
ethyl]-morpholine (282 mg, 0.937 mmol), Na,CO, (166 mg,
1.56 mmol) and Water (0.5 ml). The mixture is bubbled with
Ar for 5 min. Then PdCL,(DPPF) (57.1 mg, 0.078 mmol) is
added. The mixture is then bubbled with Ar for 5 min. The cap
is sealed and the mixture is heated at 90° C. for 1 h, and then
is cooled to room temperature. The reaction mixture is filtered
through diatomaceous earth and washed with DCM. The
filtrate is partitioned between water and DCM. The aqueous
phase is extracted with DCM. The combined DCM phases are
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concentrated. The crude is separated by flash silica gel col-
umn (MeOH/DCM 0 to 10% gradient, then 10%). The frac-
tions which contained the desired product are combined,
concentrated and then further purified by C-18 prep HPLC
(MeCN with 0.1% TFA/Water with 0.1% TFA, 20 ml/min, 0
to 45% gradient over 10 min run). The desired fractions are
combined and basified by 1IN Na,CO, to pH=11, and is
extracted by DCM. The DCM phases are combined and con-
centrated under vacuum to obtain 89 mg of the title com-
pound.

Example 64

Synthesis of 6-[5-(1-methoxy-1-methyl-ethyl)-3-
pyridyl]-3,4-dihydro-2H-1,8-naphthyridine-1-car-
boxamide (Cpd 99, Table 1)

Br. step 1
\ _P»
Mel
= NaH
N
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To a mixture of NaH (240 mg, 6.02 mmol) in DMF (dry, 4
mL) at 0° C. is added the solution of 2-(5-bromo-pyridin-3-
yD)-propan-2-ol (500 mg, 2.31 mmol) in DMF (dry, 4 mL).
The mixture is stirred at 0° C. for 15 min then raised to room
temperature and stirred for 1 h. The mixture is then cooled
back to 0° C. and iodomethane (397 mg, 2.80 mmol) iss
added. The reaction mixture is stirred at room temperature
overnight and is quenched by adding water dropwise. The
mixture is partitioned between DCM and water. The DCM
phase is separated and then washed with water twice. The
DCM phase is evaporated under high vacuum. The residue is
separated by silica gel flash column (EtOAc/Hepane 0 to 40%
gradient, then 40%) to obtain 371 mg 3-bromo-5-(1-meth-
oxy-1-methyl-ethyl)pyridine.

To a sealed tube which contained the crude 6-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide (generated according
to the procedure for Step 3 of Example 16 in 5 mL 1,4-
dioxane, 0.78 mmol) is added 3-bromo-5-(1-methoxy-1-me-
thyl-ethyl)-pyridine (216 mg, 0.937 mmol), Na,CO; (166
mg, 1.56 mmol) and water (0.5 mL). The mixture is bubbled
with Ar for 5 min. Then PdCL,(DPPF) (57 mg, 0.078 mmol)
is added. The mixture is then bubbled with Ar for 5 min. The
cap is sealed and the mixture is heated at 90° C. for 1 h and
then is cooled to room temperature. The reaction mixture is
filtered through diatomaceous earth and washed with DCM.
The filtration is partitioned between water and DCM. The
aqueous phase is extracted with DCM. The combined DCM
phases are concentrated. The crude is separated by flash silica
gel column (MeOH/DCM 0 to 5% gradient, then 5%) and
then separated by C-18 prep HPLC ((MeCN with 0.1% TFA/
Water with 0.1% TFA, 20 ml/min, 0 to 65% gradient over 10
min run). The resulting material is further purified by C-18
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HPLC (31% CH;CN in 2.5 mM NH,HCO, aqueous solution,
isocratic for 15 min plus 5 min wash at 17 ml/min) to obtain
66 mg of the title compound.

Example 65

Synthesis of 6-[5-(1-Hydroxy-1,2-dimethyl-propyl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 100, Table 1)

step 1
—_—

step 2
_ .
N7 x step 3
|
OH
N
(@)

100

A wvial containing 1-(5-bromo-pyridin-3-yl)-ethanone
(1.59 g, 8.0 mmol), bis(pinacolato)diboron (2.53 g, 9.9
mmol), 1,1'-bis(diphenylphosphino)ferrocenedichloropalla-
dium(IT) DCM complex (486 mg, 0.66 mmol) and potassium
acetate (1.96 g, 19.9 mmol) in 1,4-dioxane (100 mL) is
flushed with Ar, sealed tightly and heated to 70° C. for 16 h.
The reaction mixture is cooled to room temperature and
6-bromo-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-carboxylic
acid tert-butyl ester (2.08 g, 6.6 mmol), aqueous sodium
carbonate solution (2M, 9.9 mL, 19.9 mmol) and additional
1,1'-bis(diphenylphosphino)ferrocenedichloropalladium (II)
(486 mg, 0.66 mmol) are added. The mixture is flushed with
Ar, sealed tightly and heated to 100° C. for 2 h. The reaction
mixture is cooled to room temperature and partitioned
between water and EtOAc. The layers are separated and the
aqueous is further extracted with EtOAc. The combined
organic layers are washed with brine and filtered through
diatomaceous earth, rinsing well with EtOAc. The filtrate is
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dried (Na,SO,) and concentrated. The crude product is puri-
fied by silica gel column (25-100% EtOAc in heptane) to
afford 6-(5-acetyl-pyridin-3-yl)-3,4-dihydro-2H-[1,8]|naph-
thyridine-1-carboxylic acid tert-butyl ester (1.85 g).

To a cooled (0° C.) suspension of 6-(5-acetyl-pyridin-3-
y1)-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic  acid
tert-butyl ester (125 mg, 0.35 mmol) in THF (2 mL) is added
a solution of isopropylmagnesium chloride in THF (1.3M,
816 pL, 1.1 mmol). The resultant mixture is stirred warming
to room temperature for 1 h. The reaction is quenched with
saturated aqueous ammonium chloride solution and is
extracted with EtOAc. The combined organic extracts are
washed with water and brine, dried (Na,SO,) and concen-
trated under reduced pressure. The residue is taken up in
MeOH (3 mL) and 4N HCl in 1,4-dioxane (3 mL) is added.
The reaction is stirred at room temperature for 16 h and is
concentrated to provide 3-methyl-2-[5-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-3-y1)-pyridin-3-yl]-butan-2-01 (131 mg) as
the dihydrochloride salt.

To a cooled (0° C.) solution of 3-methyl-2-[5-(5,6,7,8-
tetrahydro-[ 1,8]naphthyridin-3-yl)-pyridin-3-yl]-butan-2-ol
(131 mg, 0.35 mmol) in DCM (1.5 mL) is added a trichloro-
acetyl isocyanate (44 ul., 0.36 mmol). After stirring at 0° C.
for 1 h, a solution of methanolic KOH (1M, 1 mL) is added.
The resulting mixture is allowed to warm and stir at room
temperature for 16 h. The reaction is concentrated and puri-
fied by HPLC (C18 column, 5-50% acetonitrile/water, both
0.1% v/v TFA) to provide the title compound (26 mg).

Example 66

Synthesis of 1-{4-[5-(8-Acetyl-5.6,7,8-tetrahydro-[1,
8]naphthyridin-3-yl)-pyridin-3-ylmethoxy|-piperi-
din-1-y1}-ethanone (Cpd 101, Table 1)
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To a solution of 1-{4-[5-(5,6,7,8-tetrahydro-[1,8]naphthy-
ridin-3-y1)-pyridin-3-ylmethoxy]-piperidin-1-yl } -ethanone
(36 mg, 0.098 mmol) in DCM (1 mL.) is added acetyl chloride
(21 pL, 0.30 mmol) and pyridine (47 pL, 0.59 mmol). The
resultant mixture is stirred at room temperature for 16 h. The
reaction mixture is concentrated and purified by HPLC (C18
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column, 5-60% acetonitrile/water, both 0.1% v/v TFA) to
provide the title compound (28 mg).

Example 67

Synthesis of 6-[5-(3-Hydroxy-oxetan-3-yl)-pyridin-
3-yl]-3,4-dihydro-2H-[ 1,8 naphthyridine-1-carboxy-
lic acid amide (Cpd 102, Table 1)

A step 1
| —
Br Z Br
N
= | step 2
—_—
OH
Br ~
O

102

To a cooled (-20° C.) solution of 3,5-dibromopyridine (1.2
g, 5.0 mmol) in THF (2 mL) is added a solution of isopropy-
Imagnesium chloride-lithium chloride complex in THF (1.7
M, 2.9 mL, 4.9 mmol). The resultant mixture is stirred warm-
ing to —10° C. for 30 min. The mixture is recooled to -20° C.
and 3-oxetanone (432 mg, 6.0 mmol) is added. After stirring
for 1 h, the reaction is quenched with saturated aqueous
ammonium chloride solution and is extracted with EtOAc.
The combined organic extracts are washed with water and
brine, dried (MgSO,) and concentrated under reduced pres-
sure. Purification by silica gel column (0-10% MeOH in
DCM) provided 3-(5-bromo-pyridin-3-yl)-oxetan-3-ol (320
mg).

A vial containing 6-bromo-3,4-dihydro-2H-[1,8|naphthy-
ridine-1-carboxylic acid amide (350 mg, 1.4 mmol), bis(pina-
colato)diboron (573 mg, 2.3 mmol), 1,1'-bis(diphenylphos-
phino)ferrocenedichloropalladium (II) (50 mg, 0.068 mmol)
and potassium acetate (604 mg, 6.2 mmol) in 1,4-dioxane (10
ml) is flushed with Ar, sealed tightly and heated to 80° C. for
2 h. The reaction mixture is cooled to room temperature and
a solution of 3-(5-bromo-pyridin-3-yl)-oxetan-3-ol (314 mg,
1.37 mmol) in 1,4-dioxane (4 mL), aqueous sodium carbon-
ate solution (2M, 1.4 mL, 2.7 mmol) and additional 1,1'-bis
(diphenylphosphino)ferrocenedichloropalladium (II) (50
mg, 0.068 mmol) are added. The mixture is flushed with Ar,
sealed tightly and heated to 100° C. for 90 min. After cooling
to room temperature the mixture is partitioned between water
and EtOAc. The layers are separated and the aqueous is
further extracted with EtOAc. The combined organic layers
are washed with brine, dried (Na,SO,) and concentrated. To



US 9,181,272 B2

207

the residue is added MeOH to form a precipitate which is
collected by filtration to afford the title compound (28 mg).

Example 68

Synthesis of 6-Pyridin-3-yl-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid methylamide (Cpd
103, Table 1)

\

7\
/

o:<NH N
/

103

A solution of 6-pyridin-3-yl1-1,2,3 4-tetrahydro-[ 1,8 |naph-
thyridine (40 mg, 0.19 mmol) in 2 ml of THF is added to
methyl isocyanate (16 mg, 0.28 mmol) followed by the addi-
tion of Et;N (61 mg, 0.60 mmol). The mixture is stirred at
ambient temperature for 16 hrs. To the mixture is added 0.5
mL of water, stirred for 5 minutes and concentrated in vacuo.
The residue is dissolved in 1 mL. of DMF, filtered and purified
by reverse phase HPLC to give 23 mg of the titled product.

Example 69

Synthesis of 6-[5-(Pyrrolidine-1-carbonyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-carboxy-
lic acid amide (Cpd 104, Table 1)
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104

To a mixture of 6-bromo-3,4-dihydro-2H-[1,8]|naphthyri-
dine-1-carboxylic acid amide (55 mg, 0.22 mmol) and pyr-
rolidin-1-yl-[5-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-
yD)-pyridin-3-yl]-methanone (78 mg, 0.26 mmol) in 1,4-
dioxane (2 mL) is added 2.0 N aqueous sodium carbonate
solution (0.23 mL, 0.46 mmol). Argon gas is bubbled through
the solution for 5 min. To the mixture is added PdCl,(dppf)
catalyst (12 mg, 0.02 mmmol) in one portion. The mixture is
heated at 90° C. for 2 hrs. The mixture is filtered through short
pad of diatomaceous earth, rinsing with EtOAC (3x1 mL).
The filtrate is dried under reduced pressure. The reaction
mixture is purified by Mass-triggered reverse phase HPL.C to
give 36 mg of the titled product.

Compounds 105 to 117 in Table 1 are synthesized accord-
ing to the procedure for Example 69, substituting either com-
mercially available reagents or the appropriate intermediates
described above.

Example 70

Synthesis of 6-[5-(4-Cyano-phenyl)-pyridin-3-y1]-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid
amide (Cpd 118, Table 1)

N
[
/ / Br
| .
™
N N
O)\NHZ
HO___OH
B
—_—
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A solution of 6-(5-bromo-pyridin-3-y1)-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid amide (50 mg, 0.15
mmol), which is synthesized according to the procedure for
Step 1 to Step 4 of Example 15) in 2 mL of degassed 1,4-
dioxane and 2.0 M Na,CO, solution (0.15 mL, 0.30 mmol)
are added to 4-cyanophenyl boronic acid (44 mg, 0.30 mmol)
with silicycle catalyst DPP-Pd (60 mg, 0.015 mmol). The
mixture is heated to 100° C. for 2 hrs, filtered and rinsed with
5 mL of MeOH. The solvent is removed in vacuo. The residue
is dissolved in 1 mL of DMF, filtered and purified by reverse
phase HPLC. The appropriate fractions are concentrated to
give 1.0 mg of the titled product.

Compounds 119-154 in Table 1 are synthesized according
to the procedure for the synthesis of Compound 118, substi-
tuting commercially available boronic acids/esters for the
appropriate reagents described above.

Example 71

Synthesis of 6-[5-Chloro-4-(1-hydroxy-ethyl)-pyri-
din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 159, Table 1)

N
x
Br AN
OH
|
B
F ~d Step 1
A
N N
H
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159

1-[3-Chloro-5-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-3-
yD)-pyridin-4-yl]-ethanol is synthesized according to the pro-
cedure of Suzuki Coupling Method VI using 1-(3-bromo-5-
chloro-pyridin-4-yl)-ethanol (which is prepared according to
Step 1 of Example 78) and crude 6-(4,4,5,5-tetramethyl-[1,
3,2]dioxaborolan-2-y1)-1,2,3,4-tetrahydro-[ 1,8 naphthyri-
dine (that is prepared according to Step 4 of Example 105).

6-[5-Chloro-4-(1-hydroxy-ethyl)-pyridin-3-yl]-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide is syn-
thesized according to the procedure of Urea Formation
Method II using 1-[3-chloro-5-(5,6,7,8-tetrahydro-[1,8]
naphthyridin-3-yl)-pyridin-4-yl]-ethanol.

Example 72
Synthesis of 6-[5-(3-Hydroxy-tetrahydro-furan-3-

yD-pyridin-3-yl]-3.4-dihydro-2H-[ 1,8 |naphthyridine-
1-carboxylic acid amide (Cpd 160, Table 1)

N,
| o~ step 1 OH
— Br +
Br 7 Br
(0]
|
B
/ ~0 step 2
| '
™
N N

O)\ NH,

Intermediate H

O

160

To a cooled (-15° C.) solution of 3,5-dibromopyridine (1.2
g, 5.0 mmol) in THF (12 mL) is added a solution of isopro-
pylmagnesium chloride-lithium chloride complex in THF
(1.7 M; 2.9 mL, 4.9 mmol). The resultant mixture is stirred at



US 9,181,272 B2

211

-15° C. for 30 min and dihydro-furan-3-one (517 mg, 6.0
mmol) is added. After stirring for 16 h, the reaction is
quenched with saturated aqueous NH,CI solution and is
extracted with EtOAc. The combined organic extracts are
washed with water and brine, dried and concentrated under
reduced pressure. Purification by flash column chromatogra-
phy provides 125 mg of 3-(5-bromo-pyridin-3-yl)-tetrahy-
dro-furan-3-ol.

The titled product is synthesized according to the proce-
dure of Suzuki Coupling Method VI using 3-(5-bromo-pyri-
din-3-yl)-tetrahydro-furan-3-ol and crude Intermediate H.

Chiral separation of the racemic titled product (67 mg, 0.20
mmol) using Supercritical Fluid Chromatography (Column:
LUX 5u Cellulose 1 Analytical, Mobile phase: 30% 1:1:1
MeOH:EtOH:IPA (0.1% DEA):CO2 @ 3 ml/min, 200 bar,
40° C.) affords 29 mg of Compound 168 (Retention time 7.8
min) and 24 mg of Compound 167 (Retention time 9.5 min)
in Table 1.

Compounds 180 and 224 in Table 1 are synthesized accord-
ing to the procedure for Example 72, substituting either com-
mercially available reagents or the appropriate intermediates
described above.

Chiral separation of the racemic Compound 180 (169 mg,
0.48 mmol) using Supercritical Fluid Chromatography (Col-
umn: LUX 5p Cellulose 3 Analytical, Mobile phase: 20%
1:1:1 MeOH:EtOH:iPA (0.1% DEA):CO2 @ 3 ml/min, 200
bar, 40° C.) affords 52 mg of Compound 181 (Retention time
3.4 min) and 53 mg of Compound 182 (Retention time 4.9
min) in Table 1.

Example 73

Synthesis of 6-(5-Oxetan-3-yl-pyridin-3-yl)-3,4-
dihydro-2H-[ 1,8]naphthyridine-1-carboxylic acid
amide (Cpd 161, Table 1)

N.
| \ Step 1
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161

A mixture of (5-bromopyridin-3-yl)boronic acid (330 mg,
1.6 mmol), nickel(Il) iodide (15 mg, 0.049 mmol), trans-2-
amino-cyclohexanol hydrochloride (7 mg, 0.049 mmol) and
sodium bis(trimethylsilyl)amide solution in THF (1M; 1.6
ml, 1.6 mmol) in 2-propanol (2 mL) is stirred under Ar for 10
min. 3-lodo-oxetane (150 mg, 0.82 mmol) is added and the
mixture is heated at 80° C. for 90 min. After cooling to room
temperature, the mixture is filtered through diatomaceous
earth, rinsing thoroughly with EtOH. The filtrate is concen-
trated to give crude product. Purification by flash column
chromatography affords 50 mg of 3-bromo-5-oxetan-3-yl-
pyridine.

6-(5-Oxetan-3-yl-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8]
naphthyridine-1-carboxylic acid amide is synthesized
according to the procedure of Suzuki Coupling Method VI
using 3-bromo-5-oxetan-3-yl-pyridine and Intermediate H
(crude).

Example 74

Synthesis of 6-[5-(2-Methanesulfonyl-ethyl)-pyridin-
3-yl]-3,4-dihydro-2H-[ 1,8 naphthyridine-1-carboxy-
lic acid amide (Cpd 162, Table 1)

N
X
I
step 1
S +  Br = = .
(@] Br
Intermediate E
N
X
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|
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Intermediate H
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Dimethyl sulfone (93.8 mg, 0.996 mmol) is dissolved in
THF (2 mL) and cooled to -78° C. Butyllithium (1.6M in
hexane, 0.623 mL, 0.996 mmol) is added dropwise. The mix-
ture is stirred at =78° C. for 15 min then at -25° C. for 5 min.
The temperature is lowered to -78° C. again. Intermediate E
(50 mg, 0.199 mmol) dissolved in THF (2.5 mL) is added
dropwise. The temperature slowly rises to =55° C. in a period
of 50 min and the reaction is continued to stir at -50° C. to
-60° C. for 1 h. At -50° C., the reaction is quenched by slow
addition of water (2 mL). The mixture is warmed to room
temperature, then filtered through diatomaceous earth and
washed with MeOH. The filtrate is concentrated. The result-
ing crude product is purified by normal phase chromatogra-
phy using 0-6% MeOH in DCM as the gradient to afford
3-bromo-5-(2-methanesulfonyl-ethyl)-pyridine.

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 2 to afford the title com-
pound.

Example 75

Synthesis of 6-(5-Ureido-pyridin-3-y1)-3,4-dihydro-
2H-[1,8]naphthyridine-1-carboxylic acid amide (Cpd
163, Table 1)
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To a reaction vial are added 6-bromo-1,2,3 4-tetrahydro-
[1,8]naphthyridine (160 mg, 0.75 mmol), bis(pinacolato)di-
boron (238 mg, 0.938 mmol), KOAc (294 mg, 3.0 mmol)
followed by 1,4-dioxane (5.8 mL). Argon is bubbled through
the reaction solution for 5 min. PdCl,(dpp?) (54.9 mg, 0.075
mmol)isadded. The vial is sealed and the mixture is heated at
120° C. for 50 min. The mixture is cooled to room tempera-
ture. No work up or purification is performed as the crude
reaction solution is carried to the next step directly.

To a solution of 3-amino-5-bromopyridine (1.0 g, 5.78
mmol) and pyridine (1.3 mL, 12.9 mmol) in DCM (5 mL) is
added acetic anhydride (0.6 mL, 6.358 mmol) dropwise. The
mixture is stirred at room temperature for 17 h. The mixture is
concentrated and the resulting crude product is purified by
normal phase using 0-75% EtOAc in heptane as the gradient
to afford N-(5-bromo-pyridin-3-yl)-acetamide (1.18 g, 95%
yield).

At room temperature under argon, N-(5-bromo-pyridin-3-
yD)-acetamide (303 mg, 1.409 mmol), sodium carbonate (249
mg, 2.348 mmol), and water (HPLC grade, 0.6 ml.) are added
to the crude reaction solution of step 1. Argon is bubbled
through the solution for 5 min. PdCl,(dppf) (43 mg, 0.059
mmol) is then added. The vial is sealed and the mixture is
heated at 120° C. for 2 h. The reaction mixture is filtered
through diatomaceous earth and rinsed with MeOH (50 mL).
The filtrate is concentrated. The resulting crude product is
purified by normal phase chromatography using 0-10%
MeOH in DCM as the gradient to afford N-[5-(5,6,7,8-tet-
rahydro-[1,8]|naphthyridin-3-yl)-pyridin-3-yl]-acetamide
(167 mg, 53% yield).

N-[5-(5,6,7,8-tetrahydro-[ 1,8 |naphthyridin-3-yl)-pyridin-
3-yl]-acetamide (165 mg, 0.615 mmol) is partially dissolved
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in DCM (7 mL) and cooled to 0° C. Trichloroacetyl isocyan-
ate (0.11 mL, 0.922 mmol) is added dropwise. The mixture is
stirred at 0° C. for 5 min. The ice/water bath is removed and
the mixture is stirred at room temperature for 1 h. KOH (1.0M
in MeOH, 6.2 mL, 6.2 mmol) is added slowly and the mixture
is stirred at room temperature for 16 h. The pH of the mixture
is adjusted to ~8 by addition of 1N HCl aq solution (~5 mL).
The mixture is then filtered through diatomaceous earth. The
filtrate is concentrated. The resulting crude product is purified
by flash column using 0-10% MeOH in DCM as the gradient
to afford the title compound (134 mg, 70% yield).

Example 76

Synthesis of 6-[5-(5-Oxo-pyrrolidin-2-yl)-pyridin-3-
yl]-3,4-dihydro-2H-[1,8|naphthyridine-1-carboxylic
acid amide (Cpd 165, Table 1)
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To areaction vial (20 mL) is added 3-bromo-5-(pyrrolidin-
2-yD)pyridine (400 mg, 1.76 mmol), acetic acid (glacial, 4.0
mL), and water (1 mL). Bromine (0.8 mL) is added dropwise.
The vial is sealed and the reaction is heated to 90° C. in an oil
bath and continued to stir at that temperature for 3 h. The
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mixture is cooled to room temperature. Water (15 mL) is
added to the cooled reaction mixture and the mixture is satu-
rated with solid potassium carbonate. The mixture is
extracted with EtOAc (3x30 mL). The combined organics are
dried over sodium sulfate, filtered, and concentrated. The
crude product is dry-loaded and purified by normal phase
chromatography using 0-6% MeOH in DCM as the gradient
to afford 3,3-dibromo-5-(5-bromo-pyridin-3-yl)-pyrrolidin-
2-one (0.65 g, 75% yield).

Sodium borohydride (0.74 g, 19.6 mmol) is suspended in
ethanol (17 mL) and tellurium metal powder (1.25 g, 9.78
mmol) is added in portions. The mixture is heated under
reflux (external temperature 80° C.) for 15 min and the mix-
ture becomes a light purple color. The mixture is cooled to
room temperature. 3,3-Dibromo-5-(5-bromo-pyridin-3-yl)-
pyrrolidin-2-one (0.65 g, 1.63 mmol) dissolved in EOH (5
ml) is added slowly. The mixture is stirred at room tempera-
ture over the weekend (72 h). The mixture is filtered through
diatomaceous earth and washed with MeOH. The filtrate is
concentrated. The resulting crude product is purified by nor-
mal phase chromatography using 0-6% MeOH in DCM as the
gradient to afford 5-(5-bromo-pyridin-3-yl)-pyrrolidin-2-one
(291 mg, 74% yield).

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 3 to afford the titled
product.

Enantiomers of the titled compound are separated using
chiral CO, Supercritical Fluid Chromatography to give Com-
pounds 262 and 263 (Analytical conditions: Chiralpak 1A-
SFC, 4.6x100 m column; 45% 1:1:1 MeOH:IPA:EtOH (+1%
DEA):CO, @ 3 mL/min; 40° C.; 200 bars; Retention time,
Compound 262: 2.84 min, Compound 263: 5.96 min) in Table
1.

Example 77

Synthesis of 6-[4-(1-Hydroxy-ethyl)-pyridin-3-yl1]-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid
amide (Cpd 171, Table 1)
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171

To a cooled (0° C.) solution of 3-bromo-pyridine-4-carbal-
dehyde (2.0 g, 10.8 mmol) in dry THF (45 mL) is added
methyl magnesium bromide solution in Et,O (3M; 3.9 mL,,
11.8 mmol). The mixture is stirred at 0° C. for 1 h then
warmed and stirred at room temperature for 1 h. Saturated
aqueous NH,Cl solution is added and the mixture is extracted
with EtOAc. The organic layers are combined and concen-
trated to afford 2.1 g of 1-(3-bromo-pyridin-4-yl)-ethanol.

1-[3-(5,6,7,8-Tetrahydro-| 1,8]naphthyridin-3-yl)-pyridin-
4-yl]-ethanol is synthesized according to the procedure of
Suzuki Coupling Method V1 using 1-(3-bromo-pyridin-4-y1)-
ethanol and crude 6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaboro-
lan-2-y1)-1,2,3,4-tetrahydro-[ 1,8 |naphthyridine (which is
prepared according to Step 4 of Example 105).

The titled product is synthesized according to the proce-
dure of Urea Formation Method II using 1-[3-(5,6,7,8-tet-
rahydro-[1,8]naphthyridin-3-yl)-pyridin-4-yl]-ethanol.

Chiral separation of the racemic titled product (330 mg, 1.1
mmol) using Supercritical Fluid Chromatography (Column:
LUX 5u Cellulose 1 analytical, Mobile phase: 25% 1:1:1
MeOH:EtOH:iPA (0.1% DEA):CO2 @ 3 ml/min, 200 bar,
40° C.) affords 129 mg of Compound 173 (Retention time 5.5
min) and 116 mg of Compound 172 (Retention time 4.0 min)
in Table 1.

Example 78

Syntheses of Enantiomers of 6-[5-Chloro-4-(1-hy-
droxy-ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide (Cpd 175 and
176, Table 1)
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175 and 176

To a cooled (-78° C.) solution of 3-bromo-5-chloro-pyri-
dine (2.0 g, 10.4 mmol) in dry THF (80 mL) is added L.DA in
THF solution 2M; 6.2 mL, 12.5 mmol) and the mixture is
stirred at —78° C. for 2 h. Acetaldehyde in THF solution (5M;
4.2 ml., 20.8 mmol) is added and stifling continues at —=78° C.
for 30 min, then at room temperature for 16 hr. Saturated
aqueous NH,Cl solution is added and the mixture is extracted
with EtOAc. The organic layers are combined and concen-
trated to give the crude product. Purification by flash column
chromatography affords 638 mg of the racemic product.
Chiral separation of the racemic product using Chiral Chro-
matography (Column: Chiralpak AD-H analytical, 2.1x150
mm, Mobile phase: 20% EtOH:Heptane:0.7 ml/min, 40° C.)
affords 270 mg of Enantiomer A (Retention time 9.0 min) and
264 of Enantiomer B (Retention time 11.8 min).

Enantiomer A and B are each coupled with crude 6-(4,4,5,
S-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1,2,3 4-tetrahydro-
[1,8]naphthyridine (which is prepared according to Step 4 of
Example 105) to give corresponding two enantiomers of 1-[3-
Chloro-5-(5,6,7,8-tetrahydro-| 1,8 |naphthyridin-3-yl)-pyri-
din-4-yl]-ethanol according to the procedure of Suzuki Cou-
pling Method V1.

Two enantiomers of 1-[3-chloro-5-(5,6,7,8-tetrahydro-[1,
8]naphthyridin-3-yl)-pyridin-4-yl]-ethanol are each con-
verted to Compounds 175 and 176 in Table 1 according to the
procedure of Urea Formation Method II (Analytical condi-
tions: LUX 5u Cellulose 4 Analytical column; 30% 1:1:1
MeOH:EtOH:IPA (1% DEA):CO, @ 3 mL/min; 40° C.; 200
bars; Retention time, Compound 176: 5.2 min, Compound
175: 6.0 min).

Example 79

Synthesis of 6-[4-(1-Benzyloxy-ethyl)-5-cyano-pyri-
din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 179, Table 1)
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To a cooled (-78° C.) solution of 3,5-dibromo-pyridine
(2.0 g, 8.4 mmol) in dry THF (80 mL) is added LDA in THF
solution (2M; 5.1 mL, 10.1 mmol) and the mixture is stirred
at-78°C. for2 h. Acetaldehyde in THF solution (5M; 3.4 mL,
16.9 mmol) is added and the mixture is stirred at -78° C. for
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30 min, then at room temperature for 16 h. Saturated aqueous
NH,CI solution is added and the mixture is extracted with
EtOAc. The organic layers are combined and concentrated to
give the crude product. Purification by flash column chroma-
tography affords 2.9 g (67% purity) of 1-(3,5-dibromo-pyri-
din-4-yl)-ethanol.

To a cooled (0° C.) solution of 1-(3,5-dibromo-pyridin-4-
yD)-ethanol (600 mg, 1.4 mmol) in DMF (12 mL) is added
sodium hydride (60% dispersion in mineral oil, 60 mg, 1.5
mmol). After stirring at 0° C. for 30 min, benzyl bromide (281
mg, 1.6 mmol) is added. The reaction is warmed and stirred at
room temperature for 16 h. The reaction is quenched with the
addition of saturated aqueous NH,Cl and H,O and is
extracted with EtOAc. The combined organic layers are dried
and concentrated. The crude product is purified by flash col-
umn chromatography to provide 306 mg of 4-(1-benzyloxy-
ethyl)-3,5-dibromo-pyridine.

To a solution of 4-(1-benzyloxy-ethyl)-3,5-dibromo-pyri-
dine (400 mg, 1.1 mmol) in DMF (5 mL) is added copper
cyanide (116 mg, 1.3 mmol). The mixture is heated and
stirred at 150° C. for 3 h, then stirred at room temperature for
16 h. H,O is added and the mixture is extracted with EtOAc.
The organic layers are combined and concentrated to give the
crude product. Purification by flash column chromatography
provides 225 mg of 4-(1-benzyloxy-ethyl)-5-bromo-nicoti-
nonitrile.

4-(1-Benzyloxy-ethyl)-5-(5,6,7,8-tetrahydro-[ 1,8 ]naph-
thyridin-3-yl)-nicotinonitrile is synthesized according to the
procedure of Suzuki Coupling Method VI using 4-(1-benzy-
loxy-ethyl)-5-bromo-nicotinonitrile and crude 6-(4,4,5,5-
Tetramethyl-[1,3,2]dioxaborolan-2-y1)-1,2,3,4-tetrahydro-
[1,8]naphthyridine (which is prepared according to Step 4 of
Example 105).

The titled product is synthesized according to the proce-
dure of Urea Formation Method II using 4-(1-benzyloxy-
ethyl)-5-(5,6,7,8-tetrahydro-[ 1,8 |naphthyridin-3-yl)-nicoti-
nonitrile.

Example 80

Synthesis of [5-(8-Carbamoyl-5,6,7,8-tetrahydro-[1,
8]naphthyridin-3-yl)-pyridin-3-yl]-acetic acid (Cpd
183, Table 1)
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A mixture of (S-bromo-pyridin-3-yl)-aceticacid (2.0 g, 9.3
mmol), benzyl alcohol (1.0 g, 9.2 mmol), DCC (1.9 g, mmol),
and DMAP (1.0 g, mmol) in DCM (30 mL) is stirred at room
temperature for 16 h. The mixture is filtered and the filtrate is
concentrated to give the crude product. Purification by flash
column chromatography affords 1.2 g of (5-bromo-pyridin-
3-yl)-acetic acid benzyl ester.

A mixture of (5-bromo-pyridin-3-yl)-acetic acid benzyl
ester (1.0 g, 3.3 mmol), bis(pinacolato)diboron (800 mg, 3.2
mmol), 1,1'-bis(diphenylphosphino)ferrocenedichloropalla-
dium(II) (200 mg, 0.27 mmol) and potassium acetate (960
mg, 9.8 mmol)in 1,4-dioxane (10 mL) is flushed with N, and
heated to 110° C. for 1 h. After cooling to room temperature,
the [5-(4.,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-pyri-
din-3-yl]-acetic acid benzyl ester solution is used in the next
step without purification.

6-Bromo-1,2,3 4-tetrahydro-[1,8|naphthyridine (280 mg,
1.3 mmol), cesium carbonate (350 mg, 3.3 mmol) and 1,1'-
bis(diphenylphosphino)ferrocenedichloropalladium(II) (80
mg, 0.11 mmol) are added to the reaction solution from the
previous step. The mixture is flushed with N, and heated to
110° C. for 16 h. After cooling to room temperature the
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mixture is partitioned between H,O and EtOAc. The layers
are separated and the aqueous is further extracted with
EtOAc. The combined organic layers are washed with brine
and concentrated to afford crude product. Purification by
flash column chromatography aftords 150 mg of [5-(5,6,7,8-
tetrahydro-[1,8]naphthyridin-3-yl)-pyridin-3-yl]-acetic acid
benzyl ester.

[5-(8-Carbamoyl-5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-
yD)-pyridin-3-yl]-acetic acid ethyl ester is synthesized
according to the procedure of Urea Formation Method I using
[5-(5,6,7,8-tetrahydro-[ 1,8 Inaphthyridin-3-y1)-pyridin-3-
yl]-acetic acid benzyl ester.

A mixture of [5-(8-carbamoyl-5,6,7,8-tetrahydro-[1,8]
naphthyridin-3-yl)-pyridin-3-yl]-acetic acid ethyl ester (1.0
g, 2.9 mmol) and lithium hydroxide (123 mg, 5.1 mmol) in
EtOH (10 mL) and H,O (10 mL) are stirred at room tempera-
ture for 16 h. The reaction is concentrated to remove the EtOH
and the remaining aqueous mixture is treated with 1N HCl
and diluted with EtOAc. The solid formed is filtered, rinsed
and dried to give 500 mg of the titled product.

Example 81
Synthesis of 6-[5-(2,2,2-Trifluoro-1-hydroxy-ethyl)-

pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 184, Table 1)
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184

To acooled (0° C.) solution of 5-bromo-pyridine-3-carbal-
dehyde (2.0 g, 10.8 mmol) in THF (25 mL) are added trim-
ethyl-trifluoromethyl-silane (2.8 mL, 18.8 mmol) and TBAF
in THF solution (1.0 M; 10.8 mL,, 10.8 mmol). The mixture is
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warmed to room temperature for 3 hrs. The solvent is evapo-
rated to give the crude product. Purification by flash column
chromatography affords 1.9 g of 1-(5-bromo-pyridin-3-yl)-
2,2,2-trifluoro-ethanol.

6-[5-(2,2,2-Trifluoro-1-hydroxy-ethyl)-pyridin-3-y1]-3,4-
dihydro-2H-[1,8]naphthyridine-1-carboxylic acid amide is
synthesized according to the procedure of Suzuki Coupling
Method VI using 1-(5-bromo-pyridin-3-y1)-2,2.2-trifluoro-
ethanol and Intermediate H.

Chiral separation of the racemic 6-[5-(2,2,2-Trifluoro-1-
hydroxy-ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthy-
ridine-1-carboxylic acid amide using chiral CO, Supercriti-
cal Fluid Chromatography (Column: ChiralPak 1A 4.6x250
mm analytical, Mobile phase: 15% (1:1:1 MeOH:EtOH:IPA
(1% DEA):CO, 3 mI/min, 200 bar, 40° C.) affords 141 mg of
Compound 196 (Retention time 8.9 min) and 140 mg of
Compound 195 (Retention time 6.7 min) in Table 1.

Example 82

Synthesis of 6-{5-[2-(4,4-Difluoro-piperidin-1-y1)-2-
oxo-ethyl]-pyridin-3-yl}-3,4-dihydro-2H-[ 1,8 ]naph-
thyridine-1-carboxylic acid amide (Cpd 186, Table

1))
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[5-(8-Carbamoyl-5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-
yD)-pyridin-3-yl]-acetic acid is synthesized according to
Example 80.

To a suspension of [5-(8-carbamoyl-5,6,7,8-tetrahydro-[1,
8]naphthyridin-3-yl)-pyridin-3-yl]-acetic acid (25 mg, 0.080
mmol) in DMF (1.5 mL) is added 1,1'-carbonyldiimidazole
(14 mg, 0.088 mmol) and the mixture is stirred at room
temperature for 16 h. 4,4-Difluoro-piperidine hydrochloride
salt (15 mg, 0.096 mmol) and N,N-diisopropylethylamine
(0.042 mL, 0.24 mmol) are added and stifling continues for an
additional 16 h. H,O is added and the resulting precipitate is
collected by filtration to afford 21 mg of the titled product.

Compounds 187, 188 and 189 in Table 1 are synthesized
according to the procedure for Example 82, substituting
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either commercially available reagents or the appropriate
intermediates described above.

Example 83

Synthesis of 6-[5-(1,1-Dimethyl-2-morpholin-4-yl1-2-
oxo-ethyl)-pyridin-3-yl]-3.4-dihydro-2H-[ 1,8 |naph-
thyridine-1-carboxylic acid amide (Cpd 194, Table

1)
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To a cooled (0° C.) suspension of sodium hydride (60%
dispersion in mineral oil, 1.0 g, 43.3 mmol) in DMF (50 mL)
is added (5-bromo-pyridin-3-yl)-acetic acid benzyl ester (5.3
g, 17.3 mmol). After stirring at 0° C. for 1 h, iodomethane (5.4
g, 38.1 mmol) is added. The reaction is warmed and stirred at
room temperature for 2 h. The reaction is quenched with
saturated aqueous NH,CI and H,O and is extracted with
EtOAc. The combined organic layers are dried and concen-
trated. The crude product is purified by flash column chroma-
tography to provide 3.5 g of 2-(5-bromo-pyridin-3-yl)-2-me-
thyl-propionic acid benzyl ester.

6-[5-(1-Benzyloxycarbonyl-1-methyl-ethyl)-pyridin-3-
yl]-3,4-dihydro-2H-[ 1,8]naphthyridine-1-carboxylic  acid
tert-butyl ester is synthesized according to the procedure of
Suzuki Coupling Method VI using 2-(5-bromo-pyridin-3-y1)-
2-methyl-propionic acid benzyl ester and crude 6-(4,4,5,5-
Tetramethyl-[1,3,2]dioxaborolan-2-y1)-3,4-dihydro-2H-[1,
8]naphthyridine-1-carboxylic ~ acid  tert-butyl  ester
(Intermediate G).

To a stirred solution of 6-[5-(1-benzyloxycarbonyl-1-me-
thyl-ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid tert-butyl ester (500 mg, 1.0 mmol) in
MeOH (25 mL) is added 10% Pd/C (250 mg). The reaction
mixture is stirred under 40 psi H, for 16 h. The catalyst is
removed by filtration through diatomaceous earth and the
solvent is evaporated to afford 160 mg of 6-[5-(1-carboxy-1-
methyl-ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 naphthyri-
dine-1-carboxylic acid tert-butyl ester

To a suspension 6-[5-(1-carboxy-1-methyl-ethyl)-pyridin-
3-yl]-3,4-dihydro-2H-[ 1,8 naphthyridine-1-carboxylic acid
tert-butyl ester (50 mg, 0.13 mmol) in DMF (1 mL) is added
HATU (57 mg, 0.15 mmol), morpholine (11 mg, 0.13 mmol)
and N,N-diisopropylethylamine (0.14 m[L., 0.81 mmol). The
mixture is stirred at room temperature for 16 h. The reaction
mixture is purified by reverse phase HPLC (mobile phase
contains 1% TFA) to afford 53 mg of 2-methyl-1-morpholin-
4-y1-2-[5-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-yl)-pyri-
din-3-yl]-propan-1-one.
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The titled product is synthesized according to the proce-
dure of Urea Formation Method Il using 2-methyl-1-morpho-
lin-4-y1-2-[5-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-yl)-
pyridin-3-yl]-propan-1-one.

Example 84

Synthesis of 6-[5-((R)-1-acetyl-piperidin-3-yloxy)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 197, Table 1)
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To a cooled (0° C.) solution of PPh; (1.2 g, 4.5 mmol) in
THF (50 mL) is added DIAD (0.81 mL,, 4.1 mmol), dropwise.
After stirring at 0° C. for 15 min, 5-bromo-pyridin-3-ol (441
mg, 2.5 mmol) and (S)-3-hydroxy-piperidine-1-carboxylic
acid tert-butyl ester (500 mg, 2.5 mmol) are added and the
mixture is warmed and stirred at room temperature for 16 h.
The mixture is concentrated and purified by flash column
chromatography to give 596 mg of (R)-3-(5-bromo-pyridin-
3-yloxy)-piperidine-1-carboxylic acid tert-butyl ester.

A solution of (R)-3-(5-bromo-pyridin-3-yloxy)-piperi-
dine-1-carboxylic acid tert-butyl ester (596 mg, 1.7 mmol) in
MeOH (5 mL) and HCl solution in 1,4-dioxane (4N; 1.5 m[)
is stirred at room temperature for 16 h. The mixture is con-
centrated to provide 525 mg 3-bromo-5-((R)-piperidin-3-
yloxy)-pyridine as the hydrochloride salt.

To a solution of 3-bromo-5-((R)-piperidin-3-yloxy)-pyri-
dine hydrochloride salt (525 mg, 1.8 mmol) in DMF (10 mL.)
is added acetyl chloride (0.19 mL, 2.7 mmol) and N,N-diiso-
propylethylamine (1.4 mL, 8.0 mmol). The mixture is stirred
at room temperature for 16 h. The reaction is partitioned
between H,O and EtOAc and the layers are separated. The
aqueous is extracted with EtOAc and the combined organic
layers are dried and concentrated. The crude product is puri-
fied by flash column chromatography to provide 271 mg of
1-[(R)-3-(5-bromo-pyridin-3-yloxy)-piperidin-1-yl]-etha-
none.

The titled product is synthesized according to the proce-
dure of Suzuki Coupling Method VI using 1-[(R)-3-(5-
bromo-pyridin-3-yloxy)-piperidin-1-yl]-ethanone and crude
Intermediate H.

Compound 252 in Table 1 is synthesized according to the
procedure for Example 84, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 85
Synthesis of 1-{4-[5-(8-Acetyl-5.6,7,8-tetrahydro-[1,

8]naphthyridin-3-yl1)-4-chloro-pyridin-3-ylmethoxy]-
piperidin-1-y1}-ethanone (Cpd 198, Table 1)
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1-{4-[4-Chloro-5-(5,6,7,8-tetrahydro-[ 1,8 |naphthyridin-
3-yD)-pyridin-3-ylmethoxy]-piperidin-1-yl}-ethanone is syn-
thesized using procedures described in Example 105.

1-{4-[4-Chloro-5-(5,6,7,8-tetrahydro-[ 1,8 |naphthyridin-
3-yD)-pyridin-3-ylmethoxy]-piperidin-1-yl}-ethanone (26
mg, 0.065 mmol) and pyridine (0.016 mL, 0.195 mmol) are
dissolved in DCM (1.0 mL) and the mixture is cooled down to
0° C. Acetyl chloride (0.007 mL, 0.097 mmol) is added and
the mixture is warmed up to room temperature and stirred for
1 hr. Then saturated NaHCO, aqueous solution (10 mL) is
added along with DCM (30 mL) and water (15 mL). The
mixture is stirred for 15 min and the aqueous layer is sepa-
rated, extracted with DCM (2x10 mL) and EtOAc (2x10mL).
All the organic layers are combined and concentrated to give
the crude product. Purification by flash column chromatog-
raphy affords 17 mg of the titled product.

Example 86

Synthesis of 6-[5-fluoro-4-(1-hydroxy-1-methyl-
ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid amide (Cpd 199, Table 1)
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To around bottom flask is added 3-bromo-5-fluoropyridine
(475 mg, 2.7 mmol) in 4 ml of dry THF at -78° C., followed
by the addition of lithium diisopropylamine (1.6 ml, 3.2
mmol). The reaction mixture is stirred at =78° C. for 1 hour,
followed by the addition of acetone (0.6 ml). The reaction
mixture is warmed up and stirred at room temperature for 30
minutes. The reaction mixture is diluted with EtOAc, washed
with water, brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product. Purification by the
flash column chromatography affords 190 mg of 2-(3-bromo-
5-fluoro-pyridin-4-yl)-propan-2-ol.

To a vial is added 6-bromo-1,2.3.4-tetrahydro-[1,8|naph-
thyridine, Intermediate A (144 mg, 0.68 mmol), bis(pinaco-
lato)diboron (223 mg, 0.88 mmol), potassium acetate (200
mg, 2 mmol) and [1,1'-bis(diphenylphosphino)ferrocene)
dichloropalladium(Il) (50 mg, 0.07 mmol) in 5 ml of 1,4-
dioxane. The reaction mixture is stirred at 120° C. under Ar
for 2 hours. The reaction mixture is cooled down to room
temperature, followed by the addition of 2-(3-bromo-5-
fluoro-pyridin-4-yl)-propan-2-ol (190 mg, 0.81 mmol), 2M
Na,CO; (0.67 ml, 1.35 mmol) and [1,1'-bis(diphenylphos-
phino)ferrocene)dichloropalladium(Il) (25 mg, 0.034
mmol). The reaction mixture is stirred under Ar at 120° C. for
3 hours. The reaction mixture is concentrated. The residue is
diluted with EtOAc, washed with water, brine, dried over
anhydrous Na,SO,, filtered and concentrated to give the
crude product. Purification by the flash column chromatog-
raphy affords 72 mg of 2-[3-fluoro-5-(5,6,7,8-tetrahydro-[1,
8]naphthyridin-3-yl)-pyridin-4-yl]-propan-2-ol.

2-[3-fluoro-5-(5,6,7,8-tetrahydro-[ 1,8]naphthyridin-3-
yD)-pyridin-4-yl]-propan-2-ol (72 mg, 0.25 mmol) is con-
verted to 54 mg of the titled product using Urea Formation
Method 1II.

Compounds 200, 201, 202 and 203 in Table 1 are synthe-
sized according to the procedure for Example 86, substituting
either commercially available reagents or the appropriate
intermediates described above.

Enantiomers of Compound 202 are separated using chiral
CO, Supercritical Fluid Chromatography to give Compound
212 and Compound 213 (Analytical conditions: LUX 5 u
Cellulose 3 Analytical, 4.6x100 m column; 30% 1:1:1 MeO-
H:IPA:EtOH (+1% DEA):CO, @ 3 mL/min; 40° C.; 200
bars; Retention time, Compound 212: 10.05 min, Compound
213: 15.99 min).

Enantiomers of Compound 203 are separated using chiral
CO, Supercritical Fluid Chromatography to give Compound
215 and Compound 214 (Analytical conditions: LUX 5 u
Cellulose 3 Analytical, 4.6x100 m column; 30% 1:1:1 MeO-
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H:IPA:EtOH (+1% DEA):CO, @ 3 mL/min; 40° C.; 200
bars; Retention time, Compound 215: 9.54 min, Compound
214: 12.75 min).

Example 87

Synthesis of 6-(5-methanesulfonylmethyl-pyridin-3-
y1)-3,4-dihydro-2H-[1,8]|naphthyridine-1-carboxylic
acid amide (Cpd 205, Table 1)

O stepl
e step

(¢]
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. step 2
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Intermediate H
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F | Va ~
x
N N
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To a reaction vial are added Intermediate E (100 mg, 0.399
mmol), sodium methanesulphinate (122 mg, 1.20 mmol), and
DMF (1 mL). The vial is sealed and the reaction is stirred at
65° C. in a heating block for 1 h. The mixture is cooled to
room temperature, diluted with EtOAc (30 mL), washed with
water (3x15 mL), and brine, dried over sodium sulfate, fil-
tered, and concentrated. The crude product is purified by
normal phase using 0-100% EtOAc in heptane as the gradient
to afford 3-bromo-5-methanesulfonylmethyl-pyridine (70
mg, 70% yield).
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Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 2 to afford the title com-
pound.

Example 88 5

Synthesis of 6-[4-((R)-1-Amino-ethyl)-5-fluoro-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-

carboxylic acid amide (Cpd 206, Table 1)
10

6-[5-Fluoro-4-((S)-1-hydroxy-ethyl)-pyridin-3-y1]-3,4-
dihydro-2H-[1,8]naphthyridine-1-carboxylic acid amide is
synthesized according to the procedure of Example 16.

6-[5-Fluoro-4-((S)-1-hydroxy-ethyl)-pyridin-3-y1]-3,4-

45

dihydro-2H-[1,8]naphthyridine-1-carboxylic acid amide
(100 mg, 0.32 mmol), THF (1.4 mL.) and phosphorazidic acid
dipheny] ester (0.088 mL, 0.41 mmol) are combined and
cooled to 0° C. DBU (0.061 mL, 0.41 mmol) is added drop-
wise. After 10 minutes, the reaction is warmed to room tem-
perature for 18 hrs. The reaction mixture is diluted with
EtOAc and water. The layers are separated. The aqueous layer
is extracted with EtOAc. The combined organic layers are
washed with water and brine, dried over MgSO4, filtered and 55
concentrated in vacuo to the crude product. Purification by
flash column chromatography affords 90 mg of 6-[4-((R)-1-
azido-ethyl)-5-fluoro-pyridin-3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide.
6-[4-((R)-1-azido-ethyl)-5-fluoro-pyridin-3-yl]-3,4-dihy-

dro-2H-[1,8]naphthyridine-1-carboxylic acid amide (90 mg,
0.24 mmol) is dissolved in a mixture of EtOAc (2 mL) and
MeOH (3 mL). The flask is flushed with Argon. Pd/C (26 mg,
0.024 mmol, 10%) is added and the flask is flushed with H,.
After stirring for 18 hrs, the reaction is diluted with EtOAc
and MeOH (10 mL of a 1:1 mixture), filtered and concen-
trated. The residue is dissolve in 1 m[L of MeOH and 2 drops
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of water is added. The solution is filtered and purified by
reverse phase HPLC to give 26 mg of the titled product.

Example 89
Synthesis of 6-[5-(1-ethanesulfonylamino-ethyl)-

pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 209, Table 1)

N
X
step 1
F H
Br

N
AN
H
F M

+
Br S
O// \\O
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|
Y
step 2
N N/
O)\ NH,
N
x
| g
N R
| P O/ \O
N N
O)\ NH,
209

To a vial is added 5-bromonicotinaldehyde (300 mg, 1.61
mmol) and ethanesulfonamide (220 mg, 2.02 mmol) in 6 ml
of toluene, followed by the addition of titanium(IV) isopro-
poxide (1 ml, 3.23 mmol). The reaction mixture is stirred at
120° C. for 6 hours. The reaction mixture is concentrated. The
residue is dissolved in 5 ml of THF and is cooled to -40° C.,
methylmagnesium bromide, 3M in ether (1.6 ml, 4.84 mmol)
is added dropwise. The reaction mixture is warm up and
stirred at room temperature for 18 hours. The reaction mix-
ture is diluted with EtOAc, washed with saturated NH,Cl,
(aq.) brine, dried over anhydrous Na,SO,, filtered and con-
centrated to give the crude product. Purification by the flash
column chromatography affords 130 mg of ethanesulfonic
acid [1-(5-bromo-pyridin-3-yl)-ethyl]-amide.

Ethanesulfonic acid [1-(5-bromo-pyridin-3-yl)-ethyl]-
amide (130 mg, 0.45 mmol) is converted to 40 mg of the titled
product using Suzuki Coupling Method V1.

Compound 204 in Table 1 is synthesized according to the
procedure for Example 89, substituting either commercially
available reagents or the appropriate intermediates described
above.

Enantiomers of Compound 204 are separated using chiral
CO, Supercritical Fluid Chromatography to give Compound
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217 and Compound 218 (Analytical conditions: LUX 5 u
Cellulose 3 Analytical, 4.6x100 m column; 10% 1:1:1 MeO-
H:IPA:EtOH (+1% DEA):CO, @ 3 mL/min; 40° C.; 200
bars; Retention time, Compound 217: 11.37 min, Compound
218: 12.79 min) in Table 1.

Example 90

Synthesis of 6-[5-(1-Acetylamino-1-methyl-ethyl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 210, Table 1)

Br
HO 7 Step 1
| + =N ——
x
N
(¢]
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H +
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N
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| Step 2
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N N
o)\ NH,
Intermediate H
N,
Z
q |
O V
N N
o)\ NH,
210

To the mixture of 2-(5-bromo-pyridin-3-yl)-propan-2-ol
(700 mg, 3.24 mmol) in acetonitrile (14 mL) is added drop-
wise boron trifluoride diethyl ether complex (1.1 mL, 8.7
mmol) at room temperature. Then trifluoroacetic acid (1.8 ml,
23 mmol) is added dropwise and the reaction mixture is
heated to reflux for 16 hrs. All the solvent is removed in vacuo
and DCM is added. 1.0 M Na,COj solution is used to adjust
the pH of aqueous phase to 8. The aqueous layer is separated
and extracted with DCM twice. All the organic layers are
combined and concentrated to give the crude product. Puri-
fication by flash column chromatography affords 252 mg of
N-[1(5-bromo-pyridin-3-yl)-1-methyl-ethyl]-acetamide.
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N-[1(5-bromo-pyridin-3-y1)-1-methyl-ethyl]-acetamide
(120 mg, 0.47 mmol) is coupled with Intermediate H (0.39
mmol, using crude) to give 75 mg of the titled product using

Suzuki Coupling Method V1.

Example 91
Synthesis of 3-(8-carbamoyl-5,6,7,8-tetrahydro-[1,8]

naphthyridin-3-yl)-5-fluoro-isonicotinic acid methyl
ester (Cpd 211, Table 1)

N N
/Ej\ . | _ )
Br T Br Z g
o L

N N
H
Intermediate A
N,
®
/
| \ F Step 3
—_—
N N (@) o K*
O)\NHZ
N,
[
| AN S
N N (@) (0]

211

To around bottom flask is added 3-bromo-5-fluoropyridine
(475 mg, 2.7 mmol) in 4 ml of dry THF at -78° C., followed
by the addition of lithium diisopropylamine (1.62 ml, 3.24
mmol). The reaction mixture is stirred at —=78° C. for 1 hour,
followed by the addition of ethyl chloroformate (586 mg, 5.4
mmol). The reaction mixture is warmed up to room tempera-
ture and stirred for 1 hour. The reaction mixture is diluted with
EtOAc, washed with saturated NH,,Cl/water, brine, dried over
anhydrous Na,SO,, filtered and concentrated to give the
crude product. Purification by the flash column chromatog-
raphy affords 670 mg of 3-bromo-5-fluoro-isonicotinic acid
ethyl ester.

3-Bromo-5-fluoro-isonicotinic acid ethyl ester (586 mg,
2.25 mmol) is converted to 133 mg of 3-(8-carbamoyl-5,6,7,
8-tetrahydro-[ 1,8|naphthyridin-3-yl)-5-fluoro-isonicotinic
acid potassium salt using the procedures described in
Example 86.

To avial is added 3-(8-carbamoyl-5,6,7,8-tetrahydro-[1,8]
naphthyridin-3-yl)-5-fluoro-isonicotinic acid potassium salt
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(100 mg, 0.28 mmol) in 2 ml of DMF, followed by the addi-
tion of iodomethane (48 mg, 0.34 mmol) and potassium car-
bonate (47 mg, 0.34 mmol). The reaction mixture is stirred at
room temperature for 18 hours. The reaction mixture is con-
centrated in vacuo. The residue is diluted with EtOAc,
washed with water, brine, dried over anhydrous Na,SO,,
filtered and concentrated to give the crude product. Purifica-
tion by the flash column chromatography affords 28 mg ofthe
titled product.

Example 92
Synthesis of 6-(5-Aminomethyl-pyridin-3-y1)-3,4-
dihydro-2H-[ 1,8]naphthyridine-1-carboxylic acid
amide (Cpd 219, Table 1)
F Br
\ | *
N N
o)\ NH,
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The titled product is synthesized according to the Step 1
and Step 2 of Example 19.

Example 93
Synthesis of 6-[5-((R)-1-Ethanesulfonylamino-

ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid amide (Cpd 220, Table 1)

step 1
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To a vial is added (1R)-1-(5-bromo(3-pyridyl)ethylamine
(300 mg, 1.26 mmol) in 3 ml of CH,Cl,, followed by the
addition of N,N-diisopropylethylamine (490 mg, 3.79
mmol). Then ethanesulfonyl chloride (195 mg, 1.52 mmol) is
added. The reaction mixture is stirred at room temperature for
2 hours. The reaction mixture is diluted with DCM, washed
with water, brine, dried over anhydrous Na,SO,, filtered and
concentrated to give the crude product. Purification by the
flash column chromatography affords 278 mg of ethane-
sulfonic acid [(R)-1-(5-bromo-pyridin-3-yl)-ethyl]-amide.

Ethanesulfonic  acid  [(R)-1-(5-bromo-pyridin-3-yl)-
ethyl]-amide (83 mg, 0.27 mmol) is converted to 29 mg of the
titled product using Suzuki Coupling Method V1.
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Compound 221 in Table 1 is synthesized according to the
procedure for Example 93, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 94

Synthesis of 6-{5-[(R)-1-(Bthanesulfonyl-methyl-

amino)-ethyl]-pyridin-3-y1}-3,4-dihydro-2H-[1,8]

naphthyridine-1-carboxylic acid amide (Cpd 222,
Table 1)

Br

nn
Qo
o

Br

O)\ NIL

Intermediate C

[(R)-1-(5-bromo-pyridin-3-yl)-ethyl]-amide is synthe-
sized according to the procedures described in Example 93.

To a vial is added ethanesulfonic acid [(R)-1-(5-bromo-
pyridin-3-yl)-ethyl]-amide (180 mg, 0.61 mmol) in 3 ml of
THE, followed by the addition of NaH (35 mg, 0.92 mmol).
Then iodomethane (131 mg, 0.92 mmol) is added. The reac-
tion mixture is stirred at room temperature for 18 hours. The
reaction mixture is diluted with DCM, washed with water,
brine, dried over anhydrous Na,SO,, filtered and concen-
trated to give the crude product. Purification by the flash
column chromatography affords 116 mg of ethanesulfonic
acid [(R)-1-(5-bromo-pyridin-3-yl)-ethyl]-methyl-amide.

Ethanesulfonic  acid  [(R)-1-(5-bromo-pyridin-3-yl)-
ethyl]-methyl-amide (116 mg, 0.38 mmol) is converted to
133 mg of the titled product using procedures described in
Example 101.

238

Compound 223 in Table 1 is synthesized according to the
procedure for Example 94, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 95

Synthesis of 6-(5-{[Methyl-(tetrahydro-pyran-4-

10 carbonyl)-amino]-methyl}-pyridin-3-yl)-3,4-dihy-
dro-2H-[1,8]naphthyridine-1-carboxylic acid amide

(Cpd 225, Table 1)
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-continued
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To a solution of Intermediate B (800 mg, 2.55 mmol) in
1,4-dioxane (26 mL) are added bis(pinacolato)diboron (714
mg, 2.81 mmol) and KOAc (751 mg, 7.66 mmol). Then
Pd(dpp)Cl, (187 mg, 0.255 mmol) is added under N,. The
reaction mixture is heated to reflux for 2 hrs. After cooling
down to room temperature, the crude reaction mixture con-
taining 6-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-y1)-3,
4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-bu-
tyl ester is used in the next step without purification.

(5-Bromo-pyridin-3-yl)-methylamine (2.0 g, 11 mmol),
Cs,CO; (10 g, 31 mmol) and Pd(dpph)Cl, (470 mg, 0.64
mmol) are added into 6-(4,4,5,5-tetramethyl-[1,3,2]diox-
aborolan-2-yl)-3,4-dihydro-2H-[1,8naphthyridine-1-car-
boxylic acid tert-butyl ester (7.8 mmol, crude) 1,4-dioxane
solution. The reaction mixture is heated to reflux for 16 hrs.
The solvent is removed in vacuo and the residue is purified by
flash column chromatography to give 1.3 g of 6-(5-aminom-
ethyl-pyridin-3-yl)-3,4-dihydro-2H-[ 1,8 naphthyridine-1-
carboxylic acid tert-butyl ester.
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6-(5-aminomethyl-pyridin-3-y1)-3,4-dihydro-2H-[ 1,8]
naphthyridine-1-carboxylic acid tert-butyl ester (100 mg,
0.29 mmol), tetrahydro-pyran-4-carboxylic acid (57 mg, 0.44
mmol) and triethyl amine (0.12 mI, 0.88 mmol) are mixed in
acetonitrile (3.0 mL). Then TBTU (113 mg, 0.35 mmol) is
added and the mixture is stirred for 16 hrs. All the solvent is
removed in vacuo and to the residue are added saturated
NaHCO; aqueous solution (5 mL), water (15 mL) and EtOAc
(20 mL). The mixture is stirred for 10 min and the aqueous
layer is separated and extracted with EtOAc (2x15 mL). The
organic layers are combined and concentrated to give the
crude  6-(5-{[(Tetrahydro-pyran-4-carbonyl)-amino]-me-
thyl}-pyridin-3-y1)-3,4-dihydro-2H-[ 1,8 naphthyridine-1-
carboxylic acid tert-butyl ester which is used in the next step
directly.

6-(5-{[(Tetrahydro-pyran-4-carbonyl)-amino]-methyl} -
pyridin-3-y1)-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid tert-butyl ester (132 mg, 0.29 mmol) is dissolved
in DMF (4.0 mL) and cooled down to 0° C. Sodium hydride
60% in mineral oil (14 mg, 0.35 mmol) is added and the
mixture is stirred for 10 min. Then iodomethane (0.036 mL,,
0.58 mmol) is added and the reaction mixture is warmed up to
room temperature for 2 hrs. Saturated NH,Cl aqueous solu-
tion (2.0 mL) is added along with water (10 mL) and EtOAc
(15 mL). The mixture is stirred for 10 min, the aqueous layer
is separated and extracted with EtOAc (2x10 mL). The
organic layers are combined and concentrated to give the
crude product. Purification by flash column chromatography
affords 70 mg of 6-(5-{[methyl-(tetrahydro-pyran-4-carbo-
nyl)-amino]-methyl}-pyridin-3-y1)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid tert-butyl ester.

6-(5-{[Methyl-(tetrahydro-pyran-4-carbonyl)-amino]-

methyl }-pyridin-3-y1)-3,4-dihydro-2H-[1,8]naphthyridine-
1-carboxylic acid tert-butyl ester (70 mg, 0.15 mmol) is dis-
solved in DCM (2.0 mL) and trifluoroacetic acid (0.5 mL) is
added. The mixture is stirred for 16 hrs and the solvent is
removed in vacuo. The residue is dissolved in MeOH and
filtered through StratoSphere PL-HCO; MP SPE cartridge,
concentrated and dried to give 50 mg of crude tetrahydro-
pyran-4-carboxylic acid methyl-[5-(5,6,7,8-tetrahydro-[1,8]
naphthyridin-3-yl)-pyridin-3-ylmethyl]-amide which is used
without purification.

Tetrahydro-pyran-4-carboxylic acid methyl-[5-(5,6,7,8-
tetrahydro-[1,8]naphthyridin-3-y1)-pyridin-3-ylmethyl]-
amide (50 mg, 0.14 mmol) is converted to 32 mg of the titled
product using Urea Formation Method II.

Example 96

Synthesis of 6-[5-(2-Oxo-2-piperidin-1-yl-ethoxym-
ethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid amide (Cpd 228, Table 1)
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(5-Bromo-pyridin-3-yl)-methanol (25.0 g, 0.13 mol) is
added to asolution of NaH (6.45 g, 0.27 mol) in THF (500 ml)
at 0° C. and stirred at room temperature for 30 min. Benzyl
bromoacetate (34.4 g, 0.15 mol) is added to this solution at 0°
C. and stirred at room temperature overnight. The mixture is
quenched with water and diluted with DCM. The organic
layer is dried over Na,SO, and concentrated in vacuo. The
product is chromatographed on silica gel to give (5-bromo-
pyridin-3-ylmethoxy)-acetic acid benzyl ester (10 g).

(5-Bromo-pyridin-3-ylmethoxy)-acetic acid benzyl ester
(10.0 g, 30.0 mmol), bis(pinacolato)diboron (8.35 g, 32.9
mmol) and KOAc (8.65 g, 88.2 mmol) and PACl,dppf (2.00 g,
2.7 mmol) are added into 700 mL of 1,4-dioxane and heated
at reflux for 2 hrs. The mixture is cooled down to room
temperature and the crude boronic acid is used in the next step
without purification.

The crude boronic ester (3.0 g, 10.0 mmol), Intermediate A
(3.0 g, 14.1 mmol), PdCl,dppt (0.60 g, 0.82 mmol) and
Cs,CO; (12.0 g, 36.8 mmol) are mixed in 210 mL of 1,4-
dioxane and heated at reflux overnight. The mixture is cooled
to room temperature and [5-(5,6,7,8-tetrahydro-[1,8|naph-
thyridin-3-yl)-pyridin-3-ylmethoxy]-acetic acid benzyl ester
(1.0 g) is obtained by chromatography.

[5-(5,6,7,8-Tetrahydro-[ 1,8 Jnaphthyridin-3-yl)-pyridin-3-
ylmethoxy]-acetic acid benzyl ester (6.0 g, 15.4 mmol) and
benzoyl isocyanate (3.8 g, 25.8 mmol) are mixed in 100 mL
DCM and heated to reflux for 3 h. [5-(8-Benzoylaminocar-
bonyl-5,6,7,8-tetrahydro-[1,8|naphthyridin-3-yl)-pyridin-3-
ylmethoxy]-acetic acid benzyl ester (8.3 g,) is obtained by
concentrating the reaction mixture in vacuo.

[5-(8-Benzoylaminocarbonyl-5,6,7,8-tetrahydro-[ 1,8]
naphthyridin-3-yl)-pyridin-3-ylmethoxy]-acetic acid benzyl
ester (6.0 g, 11.2 mmol) and K,CO; (3.6 g, 26.0 mmol) are
mixed in 100 ml. EtOH and heated to reflux for 1 hr. Upon
cooling to room temperature [5-(8-Carbamoyl-5,6,7,8-tet-
rahydro-[1,8]naphthyridin-3-yl)-pyridin-3-ylmethoxy]-ace-
tic acid ethyl ester (3.0 g) is obtained.

[5-(8-Carbamoyl-5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-
yD)-pyridin-3-ylmethoxy]-acetic acid ethyl ester (1.0 g, 2.7
mmol) and LiOH (0.10 g, 4.2 mmol) are mixed in H,O (10
ml) and EtOH (10 mL) and stirred at room temperature
overnight. The reaction mixture is concentrated under
vacuum and treated with 1 N HCI, and ethyl acetate. The
organic layer is concentrated to give [5-(8-carbamoyl-5,6,7,
8-tetrahydro-[ 1,8|naphthyridin-3-yl)-pyridin-3-ylmethoxy]-
acetic acid (0.80 g).
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To a stirred solution of [5-(8-carbamoyl-5,6,7,8-tetrahy-
dro-[1,8]naphthyridin-3-yl)-pyridin-3-ylmethoxy]-acetic
acid (80 mg, 0.23 mmol) in DMF (3 mL) is added HATU (107
mg, 0.28 mmol) followed by piperidine (20 mg, 0.23 mmol)
and DIEA (0.26 ml, 1.50 mmol). The resulting mixture is
stirred at room temperature for 2 hrs. The reaction is concen-
trated and the remaining residue is purified via flash column
chromatography to give the titled product (29 mg).

Compounds 226, 227, 229, 230, 231, 232, 248 and 249 in
Table 1 are synthesized according to the procedure for
Example 96, substituting either commercially available
reagents or the appropriate intermediates described above.

Example 97

Synthesis of 6-[5-((R)-1-acetylamino-ethyl)-pyridin-
3-yl]-3,4-dihydro-2H-[1,8]naphthyridine-1-carboxy-
lic acid amide (Cpd 233, Table 1)
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To avial is added (1R)-1-(5-bromo(3-pyridyl))ethylamine
HCI (500 mg, 2.1 mmol) in 2.5 ml of DCM, followed by the
addition of N,N-diisopropylethylamine (816 mg, 2.52
mmol). Then acetyl chloride 1M in DCM solution (2.5 ml, 2.5
mmol) is added at 0° C. The reaction mixture is stirred at room
temperature for 2 hours. The reaction mixture is diluted with
DCM, washed with water, brine, dried over anhydrous
Na,SO,, filtered and concentrated to give the crude product.
Purification by the flash column chromatography affords 273
mg of N-[(R)-1-(5-bromo-pyridin-3-yl)-ethyl]-acetamide.

N-[(R)-1-(5-bromo-pyridin-3-yl)-ethyl]-acetamide (112
mg, 0.46 mmol) is converted to 54 mg of the titled product
using procedures described in Example 101.
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Compound 234 in Table 1 is synthesized according to the
procedure for Example 97, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 98
Synthesis of 6-[5-(2-Methyl-3-oxo-morpholin-4-
ylmethyl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naph-
thyridine-1-carboxylic acid amide (Cpd 235, Table
1y
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2-Amino-ethanol (4.58 g, 75 mmol) is dissolved in 1,4-
dioxane (40 mL) and 60% sodium hydride in mineral oil (3.2
g, 80 mmol) is added at 0° C. The mixture is heated at 110° C.
for 10 min and cooled down to 0° C. Then 2-chloro-propionic
acid ethyl ester (10.2 g, 75 mmol) in 15 mL of 1,4-dioxane is
added at 0° C. and the mixture is heated at 110° C. for another
1 hr. The reaction mixture is filtered and the filtrate is con-
centrated to give the crude product. Purification by the flash
column chromatography affords 6.5 g of 2-methyl-morpho-
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lin-3-one. 2-Methyl-morpholin-3-one (298 mg, 2.59 mmol)
is dissolved in DMF (10 mL) and 60% sodium hydride in
mineral oil (96 mg, 2.39 mmol) is added at 0° C. The mixture
is stirred for 15 min and Intermediate E (500 mg, 1.99 mmol)
is added at 0° C. The mixture is warmed up to room tempera-
ture and stirred for another 2 hrs. Then saturated NH,Cl
aqueous solution (5.0 mL) is added along with EtOAc (25
ml) and water (15 mL). The mixture is stirred for 10 min and

the aqueous layer is separated and extracted with EtOAc .

(2x15 mL). The organic layers are combined and concen-
trated to give the crude product. Purification by flash column
chromatography affords 550 mg of 4-(5-bromo-pyridin-3-
ylmethyl)-2-methyl-morpholin-3-one.
4-(5-Bromo-pyridin-3-ylmethyl)-2-methyl-morpholin-3-

one (550 mg, 1.93 mmol) is coupled with Intermediate H
(2.34 mmol, using crude) to give 523 mg of the titled product
using Suzuki Coupling Method V1.

Enantiomers of the titled compound are separated using
chiral CO, Superecritical Fluid Chromatography to give Com-
pound 240 and Compound 241 (Analytical conditions:
Chiralpak IA-SFC 4.6x100 mm column; 50% MeOH:CO, @
2.5 mL/min; 40° C.; 200 bars; Retention time, Compound
240: 4.86 min, Compound 241: 18.57 min) in Table 1.

Example 99

Synthesis of 6-(5-Cyclopropyl-pyridin-3-y1)-3,4-
dihydro-2H-[ 1,8]naphthyridine-1-carboxylic acid
amide (Cpd 237, Table 1)
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Intermediate H
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3-Bromo-5-cyclopropyl-pyridine (77 mg, 0.39 mmol) is
coupled with Intermediate H (0.39 mmol, using crude) to give
70 mg of the titled product using Suzuki Coupling Method V1.

Example 100

Synthesis of 6-[5-[(R)-1-(Acetyl-methyl-amino)-
ethyl]-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyri-
dine-1-carboxylic acid amide (Cpd 238, Table 1)

H
F N step 1
Br Y e

e}

Br

o)\ NIL

Intermediate C

is

N-[(R)-1-(5-Bromo-pyridin-3-yl)-ethyl]-acetamide
synthesized according to the procedures described in
Example 97.

To a vialis added N-[(R)-1-(5-bromo-pyridin-3-yl)-ethyl]-
acetamide (111 mg, 0.46 mmol) in 3 ml of THF, followed by
the addition of 60% NaH (35 mg, 0.92 mmol). Then
iodomethane (130 mg, 0.91 mmol) is added. The reaction
mixture is stirred at room temperature for 18 hours. The
reaction mixture is diluted with DCM, washed with water,
brine, dried over anhydrous Na,SO,, filtered and concen-
trated to give the crude product. Purification by the flash
column chromatography affords 103 mg of N-[(R)-1-(5-
bromo-pyridin-3-yl)-ethyl]-N-methyl-acetamide.

N-[(R)-1-(5-bromo-pyridin-3-yl)-ethyl]-N-methyl-aceta-
mide (103 mg, 0.4 mmol) is converted to 50 mg of the titled
product using procedures described in Example 101.
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Compound 239 in Table 1 is synthesized according to the
procedure for Example 100, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 101

Synthesis of 6-[5-(1,1-dioxo-1lambda6-[1,2]thiazi-
nan-2-ylmethyl)-pyridin-3-y1]-3,4-dihydro-2H-[1,8]

naphthyridine-1-carboxylic acid amide (Cpd 243.
Table 1)
N.
x
| step 1
L Br —
Br
Intermediate E
N.
| x
Br Z
O
N\S// +
Q o
N Br
| step 2
/ e
N N
o)\ NH,
Intermediate C
N,
| N
AN F
O
N | N N\s//
P Q\O
o) NH,
243

To avial is added 1,4-butanesultam (81 mg, 0.60 mmol) in
2 ml of DMF, followed by the addition of 60% NaH (24 mg,
0.6 mmol) at 0° C. The reaction mixture is stirred for 15
minutes, followed by the addition of To a vial is added
3-bromo-5-bromomethyl-pyridine, Intermediate E (100 mg,
0.40 mmol). The reaction mixture is stirred at room tempera-
ture for 2 hours. The reaction mixture is diluted with EtOAc,
washed with water, brine, dried over anhydrous Na,SO,,
filtered and concentrated to give the crude product. Purifica-
tion by the flash column chromatography affords 86 mg of
2-(5-bromo-pyridin-3-ylmethyl)-[1,2]thiazinane  1,1-diox-
ide.

To a vial is added 2-(5-bromo-pyridin-3-ylmethyl)-[1,2]
thiazinane 1,1-dioxide (75 mg, 0.26 mmol), bis(pinacolato)
diboron (98 mg, 0.39 mmol), potassium acetate (101 mg, 1.03
mmol) and [1,1'-bis(diphenylphosphino)ferrocene)dichloro-
palladium(Il) (19 mg, 0.026 mmol) in 3 ml of 1,4-dioxane.
The reaction mixture is stirred at 120° C. under Ar for 1 hour.
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The reaction mixture is cooled down to room temperature,
followed by the addition of—Intermediate C, 2M Na,CO,
(0.22 ml, 0.43 mmol) and [1,1'-bis(diphenylphosphino)fer-
rocene)dichloropalladium(Il) (8 mg, 0.011 mmol). The reac-
tion mixture is stirred under Ar at 90° C. for 4 hours. The
reaction mixture is concentrated. The residue is diluted with
EtOAc, washed with water, brine, dried over anhydrous
Na,SO,, filtered and concentrated to give the crude product.
Purification by the flash column chromatography affords 62
mg of the titled product.

Compound 242 in Table 1 is synthesized according to the
procedure for Example 101, substituting either commercially

available reagents or the appropriate intermediates described
above.

Example 102

Synthesis of 6-(1'-Acetyl-4-cyano-1',2',3'4',5",6'-
hexahydro-[3,4'|bipyridinyl-5-y1)-3,4-dihydro-2H-[ 1,
8]naphthyridine-1-carboxylic acid amide (Cpd 244,
Table 1)

N
| X
Br / /
N
I N\”/Oﬁ/
o
0
B/
Step 2
NIL N7 N No ik
0 N 7

Intermediate H
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-continued
N

244

3,5-Dibromo-isonicotinonitrile (500 mg, 1.9 mmol), 4-(4,
4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-y1)-3,6-dihydro-
2H-pyridine-1-carboxylic acid tert-butyl ester (710 mg, 2.3
mmol) and 2.0 M Na,CO, aqueous solution (1.9 mL, 3.8
mmol) are added into the 1,4-dioxane (20 mL.). Argon gas is
bubbled through the solution for 5 min. Then PdCl,dppf (140
mg, 0.19 mmol) is added and the mixture is heated at 100° C.
for 3.5 hrs. The reaction mixture is filtered and the filtrate is
concentrated to give the crude product. Purification by flash
column chromatography affords 295 mg of 5-bromo-4-cy-
ano-3',6'-dihydro-2'H-[3,4'|bipyridinyl-1'-carboxylic  acid
tert-butyl ester.

5-Bromo-4-cyano-3',6'-dihydro-2'H-[3,4'|bipyridinyl-1'-
carboxylic acid tert-butyl ester (295 mg, 0.81 mmol) is
coupled with Intermediate H (1.0 mmol, using crude) to give
179 mg of 5-(8-carbamoyl-5,6,7,8-tetrahydro-[1,8|naphthy-
ridin-3-yl1)-4-cyano-3',6'-dihydro-2'H-[3,4'|bipyridinyl-1'-
carboxylic acid tert-butyl ester using Suzuki Coupling
Method V1.

5-(8-carbamoyl-5,6,7,8-tetrahydro-[ 1,8 |naphthyridin-3-
yD)-4-cyano-3',6'-dihydro-2'H-[3,4"bipyridinyl-1'-carboxy-
lic acid tert-butyl ester (100 mg, 0.22 mmol), 10% Pd on
carbon (88 mg, 0.083 mmol) and ammonium formate (210
mg, 3.3 mmol) are mixed in MeOH (2.0 mL). The reaction
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mixture is heated at 60° C. for 24 hrs. Then the solid is filtered
and the filtrate is concentrated to give the crude 5-(8-carbam-
oyl-5,6,7 8-tetrahydro-[ 1,8 |naphthyridin-3-yl)-4-cyano-3',
4'5',6'-tetrahydro-2"H-[3,4'bipyridinyl-1'-carboxylic  acid
tert-butyl ester which is used in the next step without purifi-
cation.

The crude 5-(8-carbamoyl-5,6,7,8-tetrahydro-[1,8|naph-
thyridin-3-yl)-4-cyano-3',4',5',6'-tetrahydro-2'H-[3,4'bipy-
ridinyl-1'-carboxylic acid tert-butyl ester (0.22 mmol) is dis-
solved in DCM (2.0 mL) and trifluoroacetic acid (0.5 mL) is
added. The mixture is stirred for 16 hrs and all the solvent is
removed in vacuo. The residue is dissolved in MeOH and is
passed through StratoSpheres SPE PL-HCO; cartridge. The
solution is concentrated to give the crude 6-(4-cyano-1',2',3',
4'5',6'-hexahydro-[3,4]bipyridinyl-5-y1)-3,4-dihydro-2H-
[1,8]naphthyridine-1-carboxylic acid amide which is used
without purification.

The crude 6-(4-cyano-1',2',3" 4" 5',6'-hexahydro-[3.4]bipy-
ridinyl-5-y1)-3.4-dihydro-2H-[ 1,8 naphthyridine-1-car-
boxylic acid amide (0.22 mmol), acetic acid (0.025 mL, 0.43
mmol) and triethyl amine (0.091 mL, 0.65 mmol) are mixed
in acetonitrile (2.5 mL). Then TBTU (104 mg, 0.33 mmol) is
added and the mixture is stirred for 16 hrs. All the solvent is
removed and the residue is purified by flash column chroma-
tography to give 38 mg of the titled product.

Example 103

Synthesis of 6-[4-Chloro-5-(1-hydroxy-ethyl)-pyri-
din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 245, Table 1)

N,
x
= g stepl
Br
Cl e}
N
X
+
Br 7
Cl OH
|
AN B\O step 2
Z
N N

o)\ NH,

Intermediate H
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To a round bottom flask is added 5-bromo-4-chloro-pyri-
dine-3-carbaldehyde (490 mg, 2.22 mmol) in 10 ml of THF at
0° C., followed by the addition of methylmagnesium bro-
mide, 3M in ether (0.89 ml, 2.67 mmol). The reaction mixture
is stirred at room temperature for 1 hour. The reaction mixture
is concentrated. The residue is diluted with EtOAc/saturated
NH,CI. The organic layer is separated, washed with water,
brine, dried over anhydrous Na,SO,, filtered and concen-
trated to give the crude product. Purification by the flash
column chromatography affords 287 mg of 1-(5-bromo-4-
chloro-pyridin-3-yl)-ethanol.

1-(5-Bromo-4-chloro-pyridin-3-yl)-ethanol (287 mg, 1.22
mmol) is converted to 28 mg of the titled product using
Suzuki Coupling Method VI.

Example 104

Syntheses of enantiomers of 6-{5-[1-(3-Oxo-mor-
pholin-4-yl)-ethyl]-pyridin-3-y1}-3,4-dihydro-2H-[1,
8]naphthyridine-1-carboxylic acid amide (Cpd 246
and 247, Table 1)

N
x
Step 1
B
Br 7
(0]
N
AN
Step 2
—_—
Br 7
OH
H
N N (0]
x
Step 3
+ .
Br = o
Br
N,
[
+
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O
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1-(5-Bromo-pyridin-3-yl)-ethanone (3.0 g, 15 mmol) is
dissolved in MeOH (20 mL) and sodium borohydride (1.1 g,
30 mmol) is added in 5 small portions every 15 min. The
mixture is stirred for 16 hrs and the solvent is then removed in
vacuo. Saturated aqueous NH,CI solution (10 mL) is added
along with 30 mL of water. The mixture is extracted with
EtOAc (3x50 mL) and the organic layers are combined and
concentrated to give the crude product. Purification by flash
column chromatography affords 2.9 g of 1-(5-bromo-pyridin-
3-yl)-ethanol.

1-(5-Bromo-pyridin-3-yl)-ethanol (1.5 g, 7.4 mmol) is dis-
solved in DCM (70 mL) and phosphorus tribromide (0.73
ml, 7.4 mmol) is added. The mixture is stirred for 4 hrs and
saturated NaHCO, aqueous solution is used to adjust the pH
to about 7. The mixture is then extracted with DCM (3x50
mL). The organic layers are combined and concentrated to
give the crude product. Purification by flash column chroma-
tography affords 850 mg of 3-bromo-5-(1-bromo-ethyl)-py-
ridine.

Morpholin-3-one (650 mg, 6.4 mmol) is dissolved in DMF
(20 mL) and 60% sodium hydride in mineral oil (190 mg, 4.8
mmol) is added at 0° C. The mixture is stirred for 15 min and
3-bromo-5-(1-bromo-ethyl)-pyridine (850 mg, 3.2 mmol) is
added at 0° C. The mixture is warmed up to room temperature
for 2 hrs. Then saturated NH,Cl aqueous solution (25 mL) is
added along with EtOAc (50 mL) and water (50 mL). The
mixture is stirred for 10 min and the aqueous layer is sepa-
rated and extracted with EtOAc (2x50 mL). The organic
layers are combined, washed with water (3x30 mL) and con-
centrated to give the crude product. Purification by flash
column chromatography affords 750 mg of 4-[1-(5-bromo-
pyridin-3-yl)-ethyl]-morpholin-3-one. 4-[1-(5-Bromo-pyri-
din-3-yl)-ethyl]-morpholin-3-one (750 mg, 2.6 mmol) is
coupled with Intermediate H (3.1 mmol, using crude) to give
850 mg of the titled product using Suzuki Coupling Method
VL

Enantiomers of the titled compound are separated using
chiral CO, Superecritical Fluid Chromatography to give Com-
pound 247 and Compound 246 (Analytical conditions: LUX
5u Cellulose 1 analytical column; 30% (1:1:1 MeOH:EtOH:
isopropylamine)+1% diethylamine:CO, @ 2.5 mL/min; 40°

246 and 247
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C.; 200 bars; Retention time, Compound 247: 10.49 min,
Compound 246: 15.31 min) in Table 1.

Example 105

Synthesis of 6-[5-(1-Acetyl-piperidin-4-yloxym-
ethyl)-4-chloro-pyridin-3-yl]-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide (Cpd 255,

Table 1)
N, N.
X X
H Stepl
Br < — > Br 7 +
Cl O Cl OH
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HN 7 “ © Step 6
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L

5-Bromo-4-chloro-pyridine-3-carbaldehyde (500 mg,
2.27 mmol) is dissolved in MeOH (20 mL.) and sodium boro-
hydride (257 mg, 6.80 mmol) is added. The mixture is stirred
for 1 hr at room temperature and the solvent is removed in
vacuo. Then saturated NH,Cl aqueous solution (20 mL),
water (50 mL) and EtOAc (50 mL) are added and the mixture
is stirred for 10 min. The aqueous layer is separated and
extracted with EtOAc (2x50 mL). The organic layers are
combined and concentrated to give the crude product. Puri-
fication by flash column chromatography affords 400 mg of
(5-bromo-4-chloro-pyridin-3-yl)-methanol.

(5-Bromo-4-chloro-pyridin-3-yl)-methanol (400 mg, 1.80
mmol) and triphenylphosphine (566 mg, 2.16 mmol) are dis-
solved in DCM (20 mL) and N-bromosuccinimide (384 mg,
2.16 mmol) is added. The mixture is stirred for 4 hrs at room
temperature. Then the reaction mixture is purified by flash
column chromatography directly (without work-up) to give
300 mg of 3-bromo-5-bromomethyl-4-chloro-pyridine.

1-(4-Hydroxy-piperidin-1-yl)-ethanone (301 mg, 2.10
mmol) is dissolved in DMF (10 mL.) and 60% sodium hydride
in mineral oil (84 mg, 2.10 mmol) is added at 0° C. The
mixture is stirred for 15 min at 0° C. and 3-bromo-5-bromom-
ethyl-4-chloro-pyridine (300 mg, 1.05 mmol) is added at that
temperature. Then the mixture is warmed up to room tem-
perature and stirred for 1 hr. Saturated NH,C1 aqueous solu-
tion (15 mL) is added, along with water (50 mL) and EtOAc
(50 mL). The mixture is stirred for 10 min and the aqueous
layer is separated and extracted with EtOAc (2x50 ml). The
organic layers are combined and concentrated to give the
crude product. Purification by flash column chromatography
affords 112 mg of 1-[4-(5-bromo-4-chloro-pyridin-3-yl-
methoxy)-piperidin-1-yl]-ethanone.

255
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Intermediate A (92 mg, 0.43 mmol), bis(pinacolato)dibo-
ron (142 mg, 0.56 mmol) and KOAc (127 mg, 1.29 mmol) are
added into 1,4-dioxane (7.0 mL) and Argon gas is bubbled
through the solution for 5 min. Then PdCl,dppf (31 mg, 0.043
mmol) is added and the mixture is heated at 120° C. for 1 hr.
After cooling down to room temperature, the crude reaction
mixture containing 6-(4,4,5,5-tetramethyl-[1,3,2]dioxaboro-
lan-2-y1)-1,2,3,4-tetrahydro-[ 1,8 naphthyridine is used in the
next step without purification.

1-[4-(5-Bromo-4-chloro-pyridin-3-ylmethoxy)-piperidin-
1-yl]-ethanone (100 mg, 0.29 mmol) and 2.0 M Na,CO,
aqueous solution (0.29 m[., 0.58 mmol) are added into the
crude reaction mixture from the previous step. Argon gas is
bubbled through the solution for 5 min. Then PdCL,dppf (22
mg, 0.030 mmol) is added. The mixture is heated at 110° C.
for 2.5 hrs and DCM (50 mL) and water (50 mL) are added.
The mixture is filtered and the aqueous layer of the filtrate is
separated, extracted with EtOAc (2x100 ml) and DCM
(2x100 mL). The organic layers are combined and concen-
trated to give the crude product. Purification by flash column
chromatography affords 52 mg of 1-{4-[4-chloro-5-(5,6,7,8-
tetrahydro-[ 1,8]naphthyridin-3-yl)-pyridin-3-ylmethoxy]-
piperidin-1-yl}-ethanone.

1-{4-[4-chloro-5-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-
3-yD)-pyridin-3-ylmethoxy]-piperidin-1-yl}-ethanone (26
mg, 0.065 mmol) is converted to 15 mg of the titled product
using Urea Formation Method II.

Compound 236 in Table 1 is synthesized according to the
procedure for Example 105, substituting 1-(4-Hydroxy-pip-
eridin-1-yl)-ethanone with morpholin-3-one in Step 3.

Example 106

Synthesis of 6-[5-(1-Methanesulfonyl-pyrrolidin-2-
yD)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8]naphthyridine-
1-carboxylic acid amide (Cpd 257, Table 1)
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To a stirred solution of 3-bromo-5-(2-pyrrolidinyl)pyri-
dine (0.2 g, 0.881 mmol) and pyridine (0.157 mL, 1.937
mmol) in DCM (1 mL) is added methanesulfonyl chloride in
DCM (1 mL) dropwise. The mixture is stirred at room tem-
perature for 2 h. The mixture is concentrated. The resulting
crude product is purified by normal phase chromatography
using 0-3% MeOH in DCM as the gradient to afford 3-bromo-
5-(1-methanesulfonyl-pyrrolidin-2-y1)-pyridine (211.2 mg,
79% yield).

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 2 to afford the titled
product.

Enantiomers of the titled compound are separated using
chiral CO, Superecritical Fluid Chromatography to give Com-
pound 268 and Compound 269 (Analytical conditions: LUX
5 u Cellulose 3 Analytical column; 25% 1:1:1 MeOH:IPA:
EtOH (+1% DEA):CO, @ 3 ml/min; 40° C.; 200 bars;
Retention time, Compound 268: 3.08 min, Compound 269:
3.63 min) in Table 1.

Compound 256 in Table 1 is synthesized according to the
procedure for Example 106, substituting the sulfonamide
obtained in the first step with the acetamide obtained as fol-
lows:

NH o o
7N A

Br
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To a solution of 3-bromo-5-(2-pyrrolidinyl)pyridine (200
mg, 0.881 mmol) and pyridine (0.2 mL, 1.96 mmol) in DCM
(1 mL) in a 8-mL vial is added acetic anhydride (0.093 mL,
0.969 mmol) dropwise. The mixture is stirred at room tem-
perature for 2.5 h. The mixture is concentrated. The resulting
crude product is purified by normal phase chromatography
using 0-4.5% MeOH in DCM as the gradient to afford 1-[2-
(5-bromo-pyridin-3-yl)-pyrrolidin-1-yl]-ethanone (313 mg,
83% yield).

Enantiomers of Compound 256 are separated using chiral
CO, Supercritical Fluid Chromatography to give Compound
272 and Compound 273 (Analytical conditions: Chiralpak
TIA-SFC, 4.6x100 mm column; 30% 1:1:1 MeOH:IPA:EtOH
(+1% DEA):CO, @ 3 mL/min; 40° C.; 200 bars; Retention
time, Compound 272: 6.02 min, Compound 273: 13.10 min)
in Table 1.

Example 107

Synthesis of 6-[5-(1-methyl-5-oxo-pyrrolidin-2-yl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 258, Table 1)
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258

5-(5-Bromo-pyridin-3-yl)-pyrrolidin-2-one is prepared as
described in Example 76. To a solution of 5-(5-bromo-pyri-
din-3-yl)-pyrrolidin-2-one (202 mg, 0.84 mmol) in THF (5.0
ml) is added 60% NaH (50 mg, 1.3 mmol). The mixture is
stirred at room temperature for 5 min and methyl iodide
(0.078 mL,, 1.3 mmol) is then added dropwise. The mixture is
stirred at room temperature for 16 h. The mixture is then
concentrated and purified by normal phase chromatography
to give 157 mg of 5-(5-bromo-pyridin-3-yl)-1-methyl-pyrro-
lidin-2-one.

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 4 to afford the titled
product.

Enantiomers of the titled compound are separated using
chiral CO, Superecritical Fluid Chromatography to give Com-
pound 270 and Compound 271 (Analytical conditions:
Chiralpak IA-SFC, 4.6x100 m column; 30% 1:1:1 MeOH:
TPA:EtOH (+1% DEA):CO, @ 3 mL/min; 40° C.; 200 bars;
Retention time, Compound 270: 6.25 min, Compound 271:
11.32 min) in Table 1.

Example 108

Synthesis of 6-[5-(Cyano-methyl-methyl)-pyridin-3-
yl]-3,4-dihydro-2H-[1,8|naphthyridine-1-carboxylic
acid amide (Cpd 259, Table 1)

N
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N
N
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(5-Bromo-pyridin-3-yl)-acetonitrile (1.0 g, 0.005 mol) and
60% NaH (0.780 g) are mixed in DMF (25 mL) at 0° C. and
stirred at room temperature for 1 h. Mel (1.2 ml) is added to
this mixture at 0° C. and stirred at room temperature over-
night. 2-(5-bromo-pyridin-3-yl)-propionitrile is obtained by
prep-HPLC (0.3 g, 28% yield).

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 2 to afford the title com-
pound.

Compound 261 in Table 1 is synthesized according to the
procedure for Example 108, substituting either commercially
available reagents or the appropriate intermediates described
above.

Example 109

Synthesis of 6-[5-(1-Cyano-cyclopropyl)-pyridin-3-
yl]-3,4-dihydro-2H-[1,8|naphthyridine-1-carboxylic
acid amide (Cpd 264, Table 1)
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To a suspension of (5-bromo-pyridin-3-yl)-acetonitrile
(1.0 g, 5.1 mmol) in 50% NaOH (20.000 ml) is added
1-bromo-2-chloro-ethane (764 mg, 5.33 mmol) and benzyl
triethylammonium chloride (15 mg, 0.11 mmol). The result-
ant mixture is heated to 60° C. for 2 h. After cooling down to
room temperature, EtOAc is added and extracted. The organic
layer is combined and washed with brine, dried over Na,SO,,
filtered and concentrated. The product is purified by column
to afford 626 mg of 1-(5-bromo-pyridin-3-yl)-cyclopropan-
ecarbonitrile (55% yield).

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 2 to afford the title com-
pound.

Compounds 164 and 166 in Table 1 are synthesized accord-
ing to the procedure of Step 2 of Example 109 substituting the
commercially available reagent (the bromide).

Example 110

Synthesis of 6-[5-(1-carbamoyl-cyclopropyl)-pyri-
din-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-car-
boxylic acid amide (Cpd 265, Table 1)
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To a suspension of (5-bromo-pyridin-3-yl)-acetonitrile
(1.0 g, 5.1 mmol) in 50% NaOH (20 mL) is added 1-bromo-
2-chloro-ethane (764 mg, 5.33 mmol) and benzy] triethylam-
monium chloride (15 mg, 0.11 mmol). The resultant mixture
is heated to 60° C. for 2 h. After cooling down to room
temperature, EtOAc is added and extracted. The organic lay-
ers are combined and washed with brine, dried over Na,SO,,
filtered and concentrated. The product is purified by column
to afford 626 mg 1-(5-bromo-pyridin-3-yl)-cyclopropanecar-
bonitrile (55% yield).

1-(5-Bromo-pyridin-3-yl)-cyclopropanecarbonitrile (150
mg, 0.672 mmol) is dissolved in THF (1.5 mL) in a reaction
vial. Ammonium hydroxide (1 mL) is then added. Hydrogen
peroxide (30% aq solution, 0.5 mL) is added slowly. The
mixture is stirred at room temperature for 4 h. The volatiles is
evaporated to afford 1-(5-bromo-pyridin-3-yl)-cyclopropan-
ecarboxylic acid amide (157.5 mg, 97% crude yield).

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 3 to afford the title com-
pound.

Example 111

Synthesis of 6-[5-(4-Cyano-tetrahydro-pyran-4-yl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 266, Table 1)
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Under argon, NaH (60% in mineral oil, 0.497 g 124
mmol) is added into THF (10 mL). The reaction mixture is
cooled on a bath of dry ice/CH,OH. A solution of (5-bromo-
pyridin-3-yl)-acetonitrile (1.0 g, 5.0 mmol) and 2-bromoet-
hyl ether (0.719 mL,, 5.15 mmol) in THF (4.5 mL) is added
dropwise. The reaction is stirred for 30 min. The dry ice/
MeOH bath is removed and the mixture is stirred at room
temperature for 14 hrs. The reaction is quenched by slow
addition of MeOH (5 mL). The mixture is then concentrated.
The resulting crude product is purified by normal phase chro-
matography using 0-3% MeOH in DCM as the gradient to
afford 4-(5-bromo-pyridin-3-yl)-tetrahydro-pyran-4-carbo-
nitrile (1.07 g, 79% yield).

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 2 to afford the title com-
pound.

Example 112

Synthesis of 6-[5-(2-Oxo0-oxazolidin-3-yl)-pyridin-3-
yl]-3,4-dihydro-2H-[1,8|naphthyridine-1-carboxylic
acid amide (Cpd 267, Table 1)
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An argon purged flask (100 mL) is charged with reagent
3-bromo-5-iodopyridine (200 mg, 0.704 mmol), 2-oxazoli-
done (61.3 mg, 0.704 mmol), tris(dibenzylideneacetone)di-
palladium(0) (64.5 mg, 0.07 mmol), 4,5-bis(diphenylphos-
phino)-9,9-dimethylxanthene (61.1 mg, 0.106 mmol), and
cesium carbonate (459 mg, 1.409 mmol). Toluene (bubbled
with argon before use, 14 mL) is then added. The resulting
mixture is heated at 90° C. under argon for 16 h. The mixture
is filtered through diatomaceous earth and washed with
MeOH (30 mL). The filtrate is concentrated. The resulting
crude product is purified by normal phase chromatography
using 0-4.5% MeOH in DCM as the gradient to afford 3-(5-
bromo-pyridin-3-yl)-oxazolidin-2-one (60 mg, 35% yield).

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 2 to afford the title com-
pound.

Compounds 260, 274 and 276 in Table 1 are synthesized
according to the procedure for Example 112, substituting
either commercially available reagents or the appropriate
intermediates described above.

Example 113

Synthesis of 6-[5-(2-Oxo-pyrrolidin-1-ylmethyl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-
carboxylic acid amide (Cpd 275, Table 1)
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2-Pyrrolidinone (0.061 mL, 0.797 mmol) is dissolved in
DMF (1.5 mL) and NaH (60% in mineral oil, 23.9 mg, 0.598
mmol) is added. The mixture is stirred for 5 min. The mixture
is cooled to 0° C. Intermediate E (dissolved in 1 mL, of DMF)
is added dropwise. The mixture is allowed to warm to room
temperature for 90 hrs. The reaction is quenched with water (1
mL). The mixture is filtered through diatomaceous earth. The
filtrate is concentrated. The resulting crude oil is purified by
normal phase chromatography using 0-5% MeOH in DCM as
the gradient to afford 1-(5-bromo-pyridin-3-ylmethyl)-pyrro-
lidin-2-one (80 mg, 79% yield).

Suzuki Coupling Method VI is applied using the crude
solution of Intermediate H for step 2 to afford the title com-
pound.

Compounds 207, 277 and 278 in Table 1 are synthesized
according to the procedure for Example 113, substituting
commercially available reagents or the appropriate interme-
diates described above.

Example 114

Synthesis of 2-[5-(8-Acetyl-5,6,7,8-tetrahydro-[1,8]
naphthyridin-3-yl)-pyridin-3-yl]-1-morpholin-4-yl-
ethanone(Cpd 281, Table 1)
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To a reaction vial are added 6-bromo-1,2,3,4-tetrahydro-
[1,8]naphthyridine (160 mg, 0.75 mmol), bis(pinacolato)di-
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boron (238 mg, 0.938 mmol), KOAc (294 mg, 3.0 mmol)
followed by 1,4-dioxane (5.8 mL). Argon is bubbled through
the reaction solution for 5 min. Reactant PdCl,(dppf) (54.9
mg, 0.075 mmol) id added. The vial is sealed and the mixture
is heated at 120° C. for 50 min. The mixture is cooled to room
temperature. No work up or purification is performed as the
crude reaction solution is carried to the next step directly.

To the solution of 5-bromo-3-pyridineacetic acid (500 mg,
2.314 mmol) in DMF (3 mL) is added TBTU (1.11 g, 3.472
mmol). Morpholine (0.61 m[, 6.94 mmol) is added dropwise
and the mixture is stirred at room temperature for 18 h. The
mixture is diluted with EtOAc (50 mL), washed with water
(3x5 mL), and brine, dried over sodium sulfate, filtered, and
concentrated. The resulting crude product is purified by nor-
mal phase chromatography using 0-4.5% MeOH in DCM as
the gradient to afford 2-(5-bromo-pyridin-3-yl)-1-morpho-
lin-4-yl-ethanone.

At room temperature under argon, 2-(5-bromo-pyridin-3-
y1)-1-morpholin-4-yl-ethanone (0.264 g, 0.626 mmol, dis-
solved in 3-mL of 1,4-dioxane), PdCl,(dppf) (0.027 g, 0.038
mmol), 2M Na,CO; aqueous solution (0.79 mL 1.58 mmol)
are added to the crude reaction solution of step 1. Argon is
bubbled through the solution for 5 min. The vial is sealed and
the mixture is heated at 120° C. for 1 h. The mixture is cooled
down to room temperature. The mixture is filtered through
diatomaceous earth and rinsed with EtOAc (50 mL). The
filtrate is concentrated. The resulting crude product is purified
by normal phase chromatography using 0-6% MeOH in
DCM as the gradient to afford 1-morpholin-4-y1-2-[5-(5,6,7,
8-tetrahydro-[ 1,8|naphthyridin-3-yl)-pyridin-3-yl]-etha-
none.

1-Morpholin-4-y1-2-[5-(5,6,7 8-tetrahydro-[ 1,8 naphthy-
ridin-3-yl)-pyridin-3-yl]-ethanone (62.4 mg, 0.184 mmol) is
dissolved in DCM (2 mL). Pyridine (0.089 m[., 1.11 mmol) is
added. Acetyl chloride (1.0M in DCM, 0.55 mL., 0.55 mmol)
is added dropwise and the mixture is stirred for 16 h. The
mixture is diluted with EtOAc (50 mL), washed with water
(3x5 mL), and brine, dried over sodium sulfate, filtered, and
concentrated. The resulting crude product is purified by nor-
mal phase chromatography using 0-6% MeOH in DCM as the
gradient to afford the title compound.

Compound 279 in Table 1 is synthesized according to the
procedure for Example 114, substituting the bromide
obtained in the second step with the bromide obtained as
follows:
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Morpholin-3-one (161 mg; 1.59 mmol) is dissolved in
DMF (5 mL). NaH (60% in mineral oil, 47.8 mg; 1.196
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mmol) is added at 0° C. The mixture is stirred for 15 min and
Intermediate E (200 mg, 0.797 mmol) is added at 0° C. The
mixture is stirred for another 2 h. Saturated NH,Cl aq solution
(2 mL) is added along with EtOAc (25 mL) and water (15
mL). The mixture is stirred for 10 min and the aqueous layer
is separated and extracted with EtOAc (2x15 mL). The
organic layers are combined and concentrated to give the
crude product. Purification by flash column chromatography
using MeOH in DCM aftords 190 mg of 4-(5-bromo-pyridin-
3-ylmethyl)-morpholin-3-one.

Compound 280 in Table 1 is synthesized according to the
procedure for Example 114, substituting the bromide
obtained in the second step with the bromide obtained as
follows:

on
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)N\ Br Z o
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N
[
Br Z

A

1-(4-Hydroxy-piperidin-1-yl)-ethanone (200 mg 1.40
mmol) and 5-bromo-pyridin-3-ol (248 mg; 1.425 mmol) are
added dropwise to a solution of PPh; (606 mg) in THF (30
ml). DIAD (462 mg) is added to the solution. The mixture is
stirred at room temperature overnight. The mixture is washed
with water, diluted with DCM and dried over Na,SO,,, filtered
and concentrated to give 1-[4-(5-bromo-pyridin-3-yloxy)-pi-
peridin-1-yl]-ethanone.

Compound 282 in Table 1 is synthesized according to the
procedure for Example 114, substituting the bromide
obtained in the second step with the bromide obtained as
follows:
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To a 100-mL rbf are added (1R)-1-(5-bromo(3-pyridyl))
ethylamine HCI salt (500 mg, 2.105 mmol), DCM (5 mL),
and triethylamine (1.2 mL, 8.42 mmol). The mixture is cooled
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to 0° C. 1M acetyl chloride DCM solution (dissolved with
3-mL of DCM) is added dropwise. The reaction is stirred in
the ice/water bath for 20 min. The ice/water bath is removed
and the mixture is stirred at room temperature for 35 min. The
mixture is diluted with EtOAc (50 mL), washed with water
(3x5 mL), and brine, dried over sodium sulfate, filtered, and
concentrated. The resulting crude product is purified by nor-
mal phase chromatography using 0-5% MeOH in DCM as the
gradient to afford N-[(R)-1-(5-bromo-pyridin-3-yl)-ethyl]-
acetamide (357.7 mg, 70% yield).

Compound 283 in Table 1 is synthesized according to the
procedure for Example 114, substituting the bromide
obtained in the second step with the bromide obtained as
follows:
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To a 100-mL flask are added (1R)-1-(5-bromo(3-pyridyl))
ethylamine HCl salt (0.5 g, 2.105 mmol), DCM (5 mL), and
triethylamine (1.2 mL, 8.52 mmol). The mixture is cooled to
0° C. Ethanesulfonyl chloride (0.24 mL, 2.526 mmol, dis-
solved in 3 mL, of DCM) is added dropwise. The mixture is
stirred at 0° C. for 15 min. The ice/water bath is removed and
the mixture is stirred at room temperature for 25 min. The
mixture is diluted with EtOAc (50 mL), washed with water
(3x5 mL), and brine, dried over sodium sulfate, filtered, and
concentrated. The resulting crude product is purified by nor-
mal phase chromatography using 0-5% MeOH in DCM as the
gradient to afford ethanesulfonic acid [(R)-1-(5-bromo-pyri-
din-3-yl)-ethyl]-amide (482.5 mg, 78% yield).

Example 115

Synthesis of 6-{5-[2-(2-Oxo-oxazolidin-3-yl)-
ethoxy]-pyridin-3-yl1}-3,4-dihydro-2H-[1,8]naphthy-
ridine-1-carboxylic acid amide (Cpd 284, Table 1)
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6-(4,4,5,5-Tetramethyl-[ 1,3,2]dioxaborolan-2-y1)-3,4-di-
hydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl
ester is synthesized according to Step 1 of Example 95.

6-(4,4,5,5-Tetramethyl-[ 1,3,2]dioxaborolan-2-y1)-3,4-di-
hydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-butyl
ester is coupled with 5-bromo-pyridin-3-ol to give 6-(5-hy-
droxy-pyridin-3-yl1)-3,4-dihydro-2H-[ 1,8|naphthyridine-1-
carboxylic acid tert-butyl ester using Suzuki Coupling
Method V1.

6-(5-Hydroxy-pyridin-3-y1)-3,4-dihydro-2H-[ 1,8]naph-
thyridine-1-carboxylic acid tert-butyl ester (100 mg, 0.305
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mmol) is dissolved in 2 m[. DMF and added to 3-(2-hydroxy-
ethyl)-oxazolidin-2-one (48 mg, 0.37 mmol). Triphenylphos-
phine (192 mg, 0.733 mmol) in 1 m[. DMF is added followed
by di-t-butyl azodicarboxylate (168 mg, 0.733 mmol)in 1 mL
DMF. The solution is shaken at room temperature for 16 hrs.
The reaction mixture is evaporated to dryness to afford the
crude product. Purification by HPLC chromatography
affords 6-{5-[2-(2-0x0-0xazolidin-3-yl)-ethoxy]-pyridin-3-
yl1}-3,4-dihydro-2H-[1,8]naphthyridine-1-carboxylic  acid
tert-butyl ester.
6-{5-[2-(2-Ox0-0xazolidin-3-yl)-ethoxy]-pyridin-3-y1}-

3,4-dihydro-2H-[1,8]naphthyridine-1-carboxylic acid tert-
butyl ester (0.305 mmol) is dissolved in 2 mL of'a 20% TFA
solution in CH,CI, and the solution is shaken overnight at
room temperature. The reaction is evaporated to dryness to
give crude 3-{2-[5-(5,6,7,8-tetrahydro-[1,8]naphthyridin-3-
yD)-pyridin-3-yloxy]-ethyl}-oxazolidin-2-one and used as is
in the next step.

The crude 3-{2-[5-(5,6,7,8-tetrahydro-[1,8]naphthyridin-
3-yD)-pyridin-3-yloxy]-ethyl}-oxazolidin-2-one is converted
to the titled product using Urea Formation Method I1.

Compounds 285-288 in Table 1 are synthesized according
to the procedure for Example 115, substituting either com-
mercially available reagents or the appropriate intermediates
described above.

Example 116
Synthesis of 5-(4-Methyl-pyridin-3-y1)-2,3-dihydro-

pyrrolo[2,3-b]pyridine-1-carboxylic acid amide (Cpd
289, Table 1)
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5-Bromo-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine is con-
verted to 5-bromo-2,3-dihydro-pyrrolo[2,3-b]pyridine-1-
carboxylic acid amide using Urea Formation Method I1.

5-Bromo-2,3-dihydro-pyrrolo[2,3-b]|pyridine-1-carboxy-
lic acid amide is converted to 5-(4,4,5,5-tetramethyl-[1,3,2]
dioxaborolan-2-y1)-2,3-dihydro-pyrrolo[2,3-b]pyridine-1-
carboxylic acid amide according to the procedure used to
prepare Intermediate H and used as crude.

A crude solution of 5-(4,4,5,5-tetramethyl-[1,3,2]diox-
aborolan-2-yl)-2,3-dihydro-pyrrolo[2,3-b|pyridine-1-car-
boxylic acid amide (0.41 mmol) is added to 3-bromo-4-me-
thyl-pyridine (64 mg, 0.37 mmol) followed by the addition of
aqueous 2.0 M Na,CO; solution (0.41 mL, 0.82 mmol) and
1,1'-bis(diphenylphosphino)ferrocene palladium (II) chlo-
ride (420 mg, 0.52 mmol). The vial is sealed and the mixture
is sparged with Ar (10 seconds). The reaction is stirred for 3
hours at 100° C. The reaction mixture is concentrated to
dryness and dissolved in 2 mL. of DMF, filtered and purified
by reverse phase HPLC to afford the titled product.

Compounds 185, 190, 191, 192, 250, 251 and 290-293 in
Table 1 are synthesized according to the procedure for
Example 116, substituting either commercially available
reagents or the appropriate intermediates described above.

Example 117
Synthesis of 6-{5-[(Cyclopropanecarbonyl-amino)-

methyl]-pyridin-3-y1}-3,4-dihydro-2H-[1,8]naphthy-
ridine-1-carboxylic acid amide (Cpd 294, Table 1)
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6-(5-Aminomethyl-pyridin-3-yl)-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide is synthesized using
the procedure described in Example 92.

To the cyclopropanecarboxylic acid (16 mg, 0.18 mmol) is
added a solution of 6-(5-aminomethyl-pyridin-3-y1)-3,4-di-
hydro-2H-[1,8]naphthyridine-1-carboxylic acid amide (40
mg, 0.14 mmol) in DMF (1 mL) followed by HATU (100 mg,
0.26 mmol) in DMF (1 mL) followed by triethylamine (51
mg, 0.50 mmol). The mixture is stirred overnight. The mix-
ture is concentrated in vacuo, dissolved in 2 mL of DMF,
filtered and purified by reverse phase HPLC to afford the
titled product.
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Compounds 295-298 in Table 1 are synthesized according
to the procedure for Example 117, substituting either com-
mercially available reagents or the appropriate intermediates
described above.

Example 118

Synthesis of 6-[5-(1-Thiazol-2-yl-ethylcarbamoyl)-
pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naphthyridine-1-

carboxylic acid amide (Cpd 299, Table 1)
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299

Intermediate H (crude) is coupled with 5-bromo-nicotinic
acid to give 5-(8-carbamoyl-5,6,7 8-tetrahydro-[1,8]naph-
thyridin-3-yl)-nicotinic acid using Suzuki Coupling Method
VL

To a solution of methyl-(tetrahydro-pyran-4-yl)-amine (32
mg, 0.25 mmol) in 1 mL of DMF is added a slurry of 5-(8-
carbamoyl-5,6,7,8-tetrahydro-[ 1,8 |naphthyridin-3-yl)-nico-
tinic acid (50 mg, 0.17 mmol) in DMF. To this mixture is
added HATU (120 mg, 0.31 mmol) in 1 m[. of DMF followed
by triethyl amine (0.10 mL, 0.72 mmol). The mixture is
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stirred overnight. The mixture is concentrated in vacuo, dis-
solved in 2 mL of DMF, filtered and purified by reverse phase
HPLC to afford the titled product.

Compounds 300-304 in Table 1 are synthesized according
to the procedure for Example 118, substituting either com-
mercially available reagents or the appropriate intermediates
described above.

Example 119
Synthesis of 5-Chloro-6-[ 5-(4-hydroxy-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naph-
thyridine-1-carboxylic acid amide (Cpd 305, Table
D
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To a cooled (-78° C.) solution of 4-chloro-2-fluoro-pyri-
dine (2.0 g, 15 mmol) in THF (15 mL) is added L.DA solution
(9.1 mL, 18 mmol, 2.0 M in THF). After the mixture is
allowed to stirat =78° C. for 90 min, 1-chloro-3-iodo-propane
(4.9 mL, 46 mmol) is added and the mixture is allowed to
slowly warm to room temperature for 16 hrs. Then reaction is
quenched with saturated NH,Cl and the mixture is extracted
with DCM (3x). The combined organic layers are washed
with brine, dried over Na,SO, and concentrated to give the
crude product. Purification by flash column chromatography
affords 2.4 g of 4-chloro-3-(3-chloro-propyl)-2-fluoro-pyri-
dine.

In 350 mL screw top flask is added 3-(3-chloro-propyl)-2-
fluoro-4-iodo-pyridine (2.4 g, 12 mmol), DMF (22.00 mL),
ammonium hydroxide (580 mmol), NH,OAc (12 g, 160
mmol), KI (4.0 g, 24 mmol) and K,CO, (8.0 g, 58 mmol). The
flask is sealed and resultant mixture is heated to 60° C. for 90
hrs. The mixture is cooled to room temperature and is parti-
tioned between EtOAc/H,O. The layers are separated and the
aqueous layer is further extracted with EtOAc (2x). The com-
bined organic layers are washed with brine, dried (Na,SO,,),
filtered and concentrated to the crude product. Purification by
flash column chromatography affords 1.9 g of 5-chloro-1,2,
3,4-tetrahydro-[ 1,8]naphthyridine.

To a solution of 5-chloro-1,2,3,4-tetrahydro-[ 1,8 |naphthy-
ridine (500 mg, 3.0 mmol) in DCM (40 mL.) is added N-bro-
mosuccinimide (530 mg, 3.0 mmol). The reaction mixture is
stirred at room temperature for 2 hrs. The reaction mixture is
concentrated to give the crude product. Purification by flash
column chromatography affords 680 mg of 6-bromo-5-
chloro-1,2,3 4-tetrahydro-[ 1,8 |naphthyridine.

4-(5-Bromo-pyridin-3-yl)-tetrahydro-pyran-4-ol (which is
synthesized according to Example 48) is converted to 4-[5-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-pyridin-3-
yl]-tetrahydro-pyran-4-ol using procedure described in Inter-
mediate H.

4-[5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-pyri-
din-3-yl]-tetrahydro-pyran-4-ol is coupled with 6-bromo-5-
chloro-1,2,3 4-tetrahydro-[ 1,8 |naphthyridine to give 4-[5-(4-
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chloro-5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-y1)-pyridin-
3-yl]-tetrahydro-pyran-4-ol using Suzuki Coupling Method
VL

4-[5-(4-Chloro-5,6,7,8-tetrahydro-[ 1,8 naphthyridin-3-
yD)-pyridin-3-yl]-tetrahydro-pyran-4-ol is converted to the
titled product using Urea Formation Method I1.

Compounds 314 and 315 in Table 1 are synthesized accord-
ing to the procedure for Example 119, substituting either
commercially available reagents or the appropriate interme-
diates described above.

Compound 306 in Table is also synthesized according to
the Step 4 to Step 6 of Example 119, substituting 6-bromo-
5-chloro-1,2,3,4-tetrahydro-[ 1,8 |naphthyridine with com-
mercially available 6-bromo-5-methyl-1,2,3,4-tetrahydro-[1,
8]naphthyridine.

Example 120

Synthesis of 6-[5-(4-Hydroxy-tetrahydro-pyran-4-
yD-pyridin-3-yl1]-7-methyl-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide (Cpd 307,
Table 1)

?B% StepZ

10

25

30

35

To a vial is added 7-methyl-1,2.3.4-tetrahydro-[ 1,8 |naph-
thyridine (390 mg, 2.63 mmol) and N-bromosuccinimide
(468 mg, 2.63 mmol) in 20 ml. of CH,CI,. The reaction
mixture is stirred at room temperature for 1 hour. The reaction
mixture is concentrated. The residue is purified by flash col-
umn chromatography to give 575 mg of 6-bromo-7-methyl-
1,2,3,4-tetrahydro-[1,8]naphthyridine.

6-Bromo-7-methyl-1,2,3 4-tetrahydro-[1,8|naphthyridine
is converted to 4-[5-(2-methyl-5,6,7 8-tetrahydro-[ 1,8 |naph-
thyridin-3-yl)-pyridin-3-yl]-tetrahydro-pyran-4-ol according
to Step 4 and Step 5 of Example 119.

60

65
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4-[5-(2-Methyl-5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-3-
yD)-pyridin-3-yl]-tetrahydro-pyran-4-ol is converted to the

titled product using Urea Formation Method I1.

Compounds 312 and 313 in Table 1 are synthesized accord-
ing to the procedure for Example 120, substituting the corre-
sponding boronic ester prepared from appropriate bromide
described above in Step 2.

Example 121

Synthesis of 7-Cyano-6-[5-(4-hydroxy-tetrahydro-
pyran-4-y1)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naph-
thyridine-1-carboxylic acid amide (Cpd 308, Table
1y

Step 1

7 o
Step 2
\
Ny

(0) NH,
N,
| OH
Onel B F Step 3
(0] (0]

To avial is added 5,6,7,8-tetrahydro-1,8-naphthyridine-2-
carbonitrile (370 mg, 2.32 mmol) and N-bromosuccinimide
(413 mg, 2.32 mmol) in 20 mL. of CH,Cl,. The reaction
mixture is stirred at room temperature for 18 hours. The
reaction mixture is concentrated. The residue is purified by
flash column chromatography to give 550 mg of 3-bromo-5,
6,7,8-tetrahydro-| 1,8 |naphthyridine-2-carbonitrile.

3-Bromo-5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridine-2-carbo-
nitrile is converted to 6-bromo-7-cyano-3,4-dihydro-2H-[1,
8]naphthyridine-1-carboxylic acid amide using Urea Forma-
tion Method II.
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6-Bromo-7-cyano-3,4-dihydro-2H-[ 1,8 naphthyridine-1-
carboxylic acid amide is coupled with 4-[5-(4,4,5,5-tetram-
ethyl-[1,3,2]dioxaborolan-2-y1)-pyridin-3-yl]-tetrahydro-
pyran-4-ol (which is prepared according to Step 4 of Example
119) to give the titled product using Suzuki Coupling Method 5
VL

Example 122

Synthesis of 5-Fluoro-6-[5-(4-hydroxy-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-3,4-dihydro-2H-[ 1,8 |naph-
thyridine-1-carboxylic acid amide (Cpd 309, Table

D
F
x Step 1 and 2
=
N N
H
F
Br
/
| .
™
N N

O)\NHZ
35

N

X
| OH
O~ F Step 3
—_—
| 40
(0] (0]

45

55

309

5-Fluoro-1,2,3.4-tetrahydro-[ 1,8 |naphthyridine is con-
verted to 6-bromo-5-fluoro-3,4-dihydro-2H-[1,8|naphthyri-
dine-1-carboxylic acid amide according to Step 1 and Step 2
of Example 121. 6-Bromo-5-fluoro-3,4-dihydro-2H-[1,8]
naphthyridine-1-carboxylic acid amide is coupled with 4-[5-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-pyridin-3-
yl]-tetrahydro-pyran-4-ol (which is prepared according to
Step 4 of Example 119) to give the titled product using Suzuki
Coupling Method V1.

60

65
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Compounds 310 and 311 in Table 1 are synthesized accord-
ing to the procedure for Example 122, substituting the corre-
sponding boronic ester prepared from appropriate bromide
described above in Step 3.

Example 123

Synthesis of 6-(4-Acetyl-5-fluoro-pyridin-3-y1)-3,4-
dihydro-2H-[ 1,8]naphthyridine-1-carboxylic acid
amide (Cpd 316, Table 1)

To a solution of 6-[5-fluoro-4-((S)-1-hydroxy-ethyl)-pyri-
din-3-yl]-3,4-dihydro-2H-[1,8|naphthyridine-1-carboxylic
acid amide (100 mg, 0.3 mmol, Compound 34, Example 16)
in 5 mL of dichloromethane is added Dess-Martin periodi-
nane (135 mg, 0.3 mmol, 1 eq.). The reaction is stirred at room
temperature until the reaction is complete. The reaction mix-
ture is filtered through diatomaceous earth and the filtrate is
concentrated. The crude reaction product is purified by flash
column chromatography to give 75 mg of the titled product.

Example 124
Synthesis of 6-(5-{[Imino(methyl)oxo-AS-sulfany]]

methyl}pyridin-3-y1)-1,2,3 4-tetrahydro-1,8-naph-
thyridine-1-carboxamide (Cpd 317, Table 1)

N
x
BrL%
.
N,
| X
Br/oﬁ )

~ O=T=NH

Step 1

—_—

Step 2

—_—

Step 3

—_—

N
X
Br Z
Br
N,
X
Br A
S
o?
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-continued
(@]
!
7 ~0o Step 4
| -
x>

N

o)\ NH,

Intermediate H

N

317

3-Bromo-5-bromomethyl-pyridine (7.5 g, 30 mmol) is dis-
solved in EtOH (200 mL). The solution is cooled down to 0°
C. Sodium thiomethoxide (3.1 g, 45 mmol) is added slowly
and the reaction mixture is stirred for 16 hrs. Then the solvent
is removed, water and EtOAc are added. The aqueous layer is
separated and extracted with EtOAc. Organic layers are com-
bined and concentrated to give 6.0 g of the 3-bromo-5-meth-
ylsulfanylmethyl-pyridine.

3-Bromo-5-methylsulfanylmethyl-pyridine (6.0 g, 28
mmol) is dissolved in chloroform (200 mL) and the solution
is cooled to 0° C. Meta-chloroperoxybenzoic acid (7.2 g, 30
mmol, 72%) is added slowly at 0° C. and the reaction mixture
is stirred at 0° C. for 1 hr. Then the solvent is removed and the
residue is purified by flash column chromatography to give
3.5 g of 3-bromo-5-methanesulfinylmethyl-pyridine.

3-Bromo-5-methanesulfinylmethyl-pyridine (3.0 g, 13
mmol) is dissolved in chloroform (100 mL) and the solution
is cooled to 0° C. Sodium azide (1.3 g, 21 mmol) is added and
the reaction mixture is stirred for 5 minutes. Then concen-
trated H,SO, (10 mL) is slowly added at 0° C. and then the
mixture is heated up to 50° C. for 16 hrs. After cooling down
to room temperature, ice cold water is added and the mixture
is extracted with CH,Cl,. The aqueous layer is separated,
basified with saturated Na,COj, solution and extracted with
more CH,Cl,. Organic layers are combined, dried over anhy-
drous Na,SO, and concentrated to give the crude product.
Purification by flash column chromatography affords 1.6 g of
3-bromo-5-[imino(methyl)oxo-A°-sulfanyl |methyl-pyri-
dine.

30

40

45

50

280
3-Bromo-5-[imino(methyl)oxo-AS-sulfanyl|methyl-pyri-
dine (250 mg, 1.0 mol) is coupled with Intermediate H (1.2
mmol, using crude) to give 193 mg of'the titled product using
Suzuki Coupling Method V1.

Example 125
Synthesis of 6-[5-({[Methyl(oxo)phenyl-A°-sulfa-

nylidene]amino }methyl)pyridine-3-yl]-1,2,3,4-tet-
rahydro-1,8-naphthyridine-1-carboxamide (Cpd 318,

Table 1)
Step 1
A
N, \S -
o \\NH
Step 2
s P N g / +
iy
7 o

+
|
B
Z | o0 Step 3
x
N N
O)\ NH,
Intermediate H
N
[
~ F N%g//
| ™
=
N N
o)\ NIL
318

To the stirred solution (5-bromo-pyridin-3-yl)-methanol
(3.0 g, 16 mmol) in CH,Cl, (30 mL) is added triethylamine
(2.4 g, 24 mmol). The reaction mixture is cooled to 0° C.,
methanesulfonyl chloride (2.2 g, 19 mmol) is added slowly at
0° C. Then the reaction mixture is warmed up to room tem-
perature for 3 hrs. Ice cold water is added and the mixture is
extracted with CH,Cl,. Organic layers are combined, dried
over Na,SO, and concentrated to give 3.0 g of the crude
methanesulfonic acid 5-bromo-pyridin-3-ylmethyl ester
which is used without purification.
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To the stirred solution of methanesulfonic acid 5-bromo- TABLE 2-continued
pyridin-3-ylmethyl ester (3.0 g, 11 mmol) and s-methyl-s-
phenylsulphoximine (2.1 g, 14 mmol) in DMF (30 mL) is Cpd Mass Retention LCMS
added potassium carbonate (2.3 g, 17 mmol). The reaction No. Found Time (min) Method
mixture is heated to 80° C. for 4 hrs. The reaction is cooled 5 6 289.2 291 A
down to room temperature and ice cold water is added. The 7 256.3 2.57 B
mixture is extracted with EtOAc and the organic layers are 8 257.1 252 B
combined, dried over anhydrous Na,SO, and concentrated to o 283.3 2.72 A
. . . 10 273.3 291 A
give the crude product. Purification by flash column chroma- 1 2041 0.48 E
tography affords 500 mg of 3-bromo-5-{[methyl(oxo)phe- 10 12 333.1 253 A
nyl-A°-sulfanylidene]amino } methyl-pyridine. 13 256.3 245 A
3-Bromo-5-{[methyl(oxo)phenyl-AS-sulfanylidene] 14 3314 3.05 A
amino }methyl-pyridine (325 mg, 1.0 mol) is coupled with 15 323.3 29 A
Intermediate H (1.2 mmol, using crude) to give 245 mg of the 16 2993 2495 A
. . . . 17 271.5 0.63 E
titled product using Suzuki Coqphng Method VI. . 15 18 2972 278 A
LCMS Data for Compounds in Table 1 are shown in Table 19 299.2 26 B
2, which are measured using the methods set forth in the 20 269.3 2.52 A
following Table.
LCMS Methods
Gradient
Mobile Mobile Time Flow
Method Phase A Phase B (min) %A % B  (mL/min.) Column
A 0.1% 0.1% 0 90.0 10.0 0.5 Thermo
Formic Formic 0.5 90.0 10.0 Scientific,
Acid in Acid in 1.5 1.0 99.0 Aquasil C18,
‘Water Acetoni- 2.5 1.0 99.0 50 x 2.1 mm,
trile 3.3 90.0 10.0 5p
4.0 90.0 10.0
B 2.5 mM 100% 0 90.0 10.0 0.5 Phenomex
Aqueous Acetoni- 0.5 90.0 10.0 Luna, 3p
Ammonium trile 1.5 1.0 99.0 C18(2) 100A,
Bicarbonate 2.5 1.0 99.0 50 x
3.30 90.0 10.0 2.00 mm
4.50 90.0 10.0
C 95% Water  Acetoni- 90% A to 100% B in 0.8 BEH 2.1 x
5% Acetoni- trile + 4.45 minutes, hold 50 mm C18,
trile + 0.05% 0.05% at 100% B to 4.58 1.7 pm
Formic Acid Formic Acid minutes particle
diameter
D 95% Water  Acetoni- 100% A hold for 1.00 minute, 0.6 HSST32.1x
5% Acetoni- trile + 100% A to 95% B in 4.50 100 mm,
trile + 0.05% 0.05% minutes, hold at 100% 1.8 um
Formic Acid Formic Acid B to 4.91 minutes particle
diameter
E 95% Water  Acetoni- 90% A to 100% B in 1.19 0.8 BEH 2.1 x
5% Acetoni- trile + minutes, hold at 50 mm C18,
trile + 0.05% 0.05% 100% B to 1.70 1.7 pm
Formic Acid Formic Acid minutes particle
diameter
F 2.5 mM 100% 0 90.0 10.0 0.8 BEH 2.1 x
Aqueous Acetoni- 1.19 5.0 95.0 50 mm C18,
Ammonium trile 1.77 5.0 95.0 1.7 pm
Bicarbonate 1.78 90.0 10.0 particle
diameter
G 95% Water  Acetoni- 95% A to 100% B in 3.65 0.6 HSS T3 2.1 x
5% Acetoni- trile + 0.05% minutes, hold at 100% 100 mm,
trile + 0.05% Formic Acid B to 4.95 minutes 1.8 um
Formic Acid particle
diameter
TABLE 2 TABLE 2-continued
Cpd Mass Retention LCMS 60 Cpd Mass Retention LCMS
No. Found Time (min) Method No. Found Time (min) Method
1 240.9 0.32 E 21 299.3 2.58 A
2 2553 2.44 A 22 280.2 2.58 A
3 254.4 2.43 A 23 313.3 0.61 E
4 240.3 2.54 B 65 24 384.3 3.23 A
5 269.4 0.33 E 25 273.3 2.63 A
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TABLE 2-continued TABLE 2-continued
Cpd Mass Retention LCMS Cpd Mass Retention LCMS
No. Found Time (min) Method No. Found Time (min) Method
26 280.3 2.66 A 5 103 269.2 238 A
27 2752 2.69 A 104 352.3 2.63 A
28 2742 2.78 A 105 348.3 2.685 A
29 289.2 2.94 A 106 347.3 297 A
30 256.3 2.78 A 107 374.3 2.63 A
31 349.4 3.12 A 108 297.4 0.74 E
32 3354 2.54 A 10 109 311.3 0.54 E
33 317.2 2.43 A 110 311.3 0.55 E
34 317.2 2.41 A 111 368.3 2.53 A
35 349.2 2.7 A 112 299.3 2.39 A
36 3352 2.17 A 113 269.3 0.28 E
37 409.3 2.51 A 114 289.1 298 A
38 409.3 2.87 A 15 115 324.0 0.48 E
39 298.2 2.57 A 116 360.3 272 A
40 3263 1.07 A 117 283.2 2.64 A
41 376.2 2.36 A 118 356.2 0.84 F
42 285.3 2.46 B 119 332.2 0.68 F
43 291.2 2.52 A 120 375.2 0.99 F
44 2712 0.34 A 121 356.3 298 A
45 3374 2.62 A 20 122 374.3 2.65 A
46 353.3 3.01 A 123 362.2 0.82 F
47 4363 3.32 A 124 356.2 0.83 F
48 339.4 2.65 A 125 348.2 0.54 F
49 339.4 2.69 A 126 374.3 272 A
50 285.3 0.3 A 127 375.3 3.14 A
51 313.3 2.63 A 25 128 375.3 3.1 A
52 409.3 3 A 129 349.3 276 A
53 3264 0.36 A 130 388.3 2.81 A
54 299.3 2.41 A 131 4103 2.73 A
55 4443 2.83 A 132 362.2 0.60 F
56 379.3 3.12 A 133 4343 251 A
57 388.3 2.63 A 30 134 443 2.85 A
58 3384 0.34 A 135 346.3 2.65 A
59 385.4 2.64 A 136 370.4 296 A
60 387.3 2.59 A 137 346.3 2.59 A
61 376.3 2.47 B 138 333.2 151 F
62 379.4 2.78 A 139 375.2 0.98 F
63 402.4 2.71 A 35 140 361.2 0.70 F
64 313.3 2.46 B 141 361.3 277 A
65 3744 2.7 A 142 370.4 296 A
66 405.4 2.59 A 143 409.3 2.82 A
67 3232 2.93 A 144 361.3 2.78 A
68 285.3 0.34 A 145 349.2 0.68 F
69 298.1 0.29 E 146 349.2 0.63 F
70 361.3 3.17 A 40 147 335.3 2.85 A
71 4183 2.66 A 148 321.3 2.58 A
72 4593 2.6 A 149 4242 27 A
73 4104 2.62 A 150 417.4 277 A
74 340.3 2.48 A 151 332.3 2.62 A
75 3223 2.92 A 152 4543 2.62 A
76 369.4 2.63 A 45 153 4543 2.62 A
77 370.3 2.49 A 154 321.2 0.59 F
78 355.3 2.41 A 155 314.1 2.78 A
79 380.3 2.53 A 156 374.4 2.89 A
80 271.1 0.45 C 157 299.3 2.55 A
81 369.3 2.76 B 158 299.3 2.55 A
82 391.3 2.56 A 50 159 333.1 0.6 E
83 396.3 2.66 A 160 340.7 2.61 A
84 309.2 2.73 A 161 311.3 2.65 A
85 3574 2.46 A 162 361.3 2.62 A
86 3754 2.37 A 163 312.7 0.43 A
87 3543 2.56 B 164 270.1 1.94 D
88 367.3 2.48 B 55 165 338.2 2.18 D
89 3543 2.49 B 166 324.2 1.99 D
90 340.3 2.47 A 167 341.1 1.2 G
91 367.2 2.66 A 168 341.2 1.2 G
92 353.3 0.36 A 169 410.2 1.59 G
93 396.3 2.56 A 170 410.1 1.58 G
94 3253 2.56 A 171 299.2 2.04 D
95 3273 2.52 A 60 172 299.9 1.01 G
96 396.2 2.61 A 173 299 1.01 G
97 327.3 2.6 A 174 311.7 0.38 A
98 398.4 0.37 A 175 333.1 221 D
99 326.7 2.68 A 176 333.2 22 D
100 341.3 2.63 A 177 326.2 0.46 E
101 409.4 2.7 A 65 178 382.2 0.51 E
102 3272 2.14 D 179 414.2 1.01 E
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TABLE 2-continued TABLE 2-continued
Cpd Mass Retention LCMS Cpd Mass Retention LCMS
No. Found Time (min) Method No. Found Time (min) Method
180 355.2 0.41 E 5 257 401.8 2.38 D
181 355.3 0.53 E 258 351.9 2.51 D
182 355.3 0.53 E 259 308.2 2.6 D
183 3127 1.64 A 260 337.5 2.64 D
184 353 1.79 D 261 321.5 3.06 c
185 396.3 2.3 D 262 338.2 0.42 E
186 416.3 1.68 D 10 263 338.2 0.43 E
187 4103 0.46 E 264 320.2 2.93 D
188 3823 0.35 E 265 338 2.23 D
189 3823 0.35 E 266 363.6 2.9 D
190 319.2 0.58 E 267 340.2 2.35 D
191 319.2 0.58 E 268 402.2 2.37 D
192 368.2 0.35 E 15 269 401.9 2.36 D
193 396.3 0.41 E 270 352.2 2.48 D
194 4103 0.57 E 271 352.4 2.49 D
195 353.2 1.84 A 272 366.3 2.3 D
196 353.2 1.84 A 273 366.3 2.3 D
197 396.4 0.56 E 274 353.3 2.3 D
198 4432 0.67 E 275 352.3 2.28 D
199 3309 2.73 A 20 276 354.3 1.75 A
200 343.1 2.8 A 277 354.3 1.72 A
201 3453 2.66 A 278 367.3 2.28 D
202 331.1 2.75 A 279 367.3 2.28 D
203 345.2 2.82 A 280 395.3 2.51 D
204 415.7 2.74 A 281 381.3 1.71 A
205 3473 2.64 A 25 282 339.4 1.67 A
206 316.3 0.42 A 283 389.3 1.73 A
207 367.7 2.65 A 284 384.3 2.68 A
208 396.2 0.39 E 285 356.3 0.46 A
209 390.1 0.51 E 286 371.3 2.78 A
210 353.6 2.65 A 287 365.2 2.87 A
211 331.1 0.73 E 30 288 363.4 2.78 A
212 331.1 0.63 E 289 255.1 0.56 F
213 331.2 0.63 E 290 266.1 0.54 F
214 345.2 0.7 E 291 270.7 0.46 A
215 345.2 0.7 E 292 309.1 0.67 F
216 370.2 0.38 E 293 303.1 0.47 F
217 415.7 1.8 A 15 294 352.3 0.53 F
218 415.7 1.81 A 295 4233 0.6 F
219 283.7 0.38 A 296 388.3 0.57 F
220 390.1 0.51 E 297 340.3 0.5 F
221 390.1 0.51 E 298 392.3 0.44 F
222 403.7 1.85 A 299 409.3 0.6 F
223 403.7 1.85 A 300 410.4 0.58 F
224 383.2 055 E 40 301 403.4 0.61 F
225 410.2 0.48 E 302 366.3 0.68 F
226 396.4 1.79 A 303 370.3 0.54 F
227 356.3 1.69 A 304 4454 0.52 F
228 410.4 1.88 A 305 389.2 0.54 E
229 440.4 1.7 A 306 369.2 0.52 E
230 436.3 1.99 A 45 307 369.2 0.54 E
231 446.4 1.85 A 308 380.2 0.6 E
232 412.4 1.7 A 309 373.2 0.69 E
233 340.2 0.5 E 310 386.2 0.51 E
234 340.2 0.5 E 311 414.2 0.62 E
235 382.2 0.45 E 312 382.3 1.72 A
236 402.2 0.67 E 50 313 410.4 1.87 A
237 295.3 0.67 E 314 402.3 0.56 E
238 3543 0.48 E 315 430 0.62 E
239 3543 0.48 E 316 314.8 0.65 E
240 382.1 0.45 E 317 345.9 0.35 E
241 382 0.45 E 318 421.8 0.51 E
242 387.7 1.75 A 55
243 402.2 0.54 E
244 405.4 1.93 A
245 333.2 0.58 E ASSESSMENT OF BIOLOGICAL ACTIVITY
246 381.7 0.43 E
;i; ggé'; 8"713 E Inhibition of Aldosterone Synthase
249 05 077 E 60  The compounds of the invention may be evaluated for
250 3543 1.66 A aldosterone synthase inhibition by the following assay:
251 369.2 0.55 E The aldosterone synthase inhibition assay employs cyno-
;2? 431?8'2 8'22 E molgus adrenal gland mitochondria as the source of aldoster-
254 396.3 047 E one synthase (CYP11B2). Mitochondria are prepared from
755 4440 0.6 E 65 frozen cynomolgus monkey adrenal glands according to
256 366 2.31 D Method A described in by J. D. McGarry et al. (Biochem. J.,

1983, 214, 21-28), with a final resuspension in the AT buffer
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described in R. Yamaguchi et al. (Cell Death and Differentia- TABLE 3-continued
tion, 2007, 14, 616-624), frozen as aliquots in liquid nitrogen
and stored at —80° C. until use. Cpd No. ICso (M)
Assays are performed in 96-well format in a final volume 41 2.6
of 60 ul/well, containing 100 mM potassium phosphate, pH > 2 9.2
7.4, 1% (v/v) DMSO, and additionally, 2 uM of corticoster- ﬁ 333
one and 6 mg of mitochondrial protein. Reactions are started 45 36
by the addition of NADPH to 1 mM and allowed to proceed 46 22
for 60-90 minutes at 37° C. Reactions are terminated by the g 1;2 )
addition of 60 pL of acetonitrile. One hundred microliters are 1o 49 250
then transferred to a glass filter plate and centrifuged at 570xg 50 21
for 5 minutes and the filtrate is collected. Reaction product 2; 3; .
aldosterone is quantified by mass spectrometry. To determine 53 95.6
the assay blank value (0% activity), NADPH is omitted from 15 54 6.8
some reactions. 55 14.9
Dose dependent inhibition is quantified by the inclusion of 22 2‘21
compound at various concentrations. Maximum activity 58 490
(100%) is defined by reactions containing NADPH, but with- 59 72.1
out compound. Activities at each concentration are expressed 2 60 35.4
as a percentage of the maximum activity (y-axis) and plotted gi 6;2
against concentration of compound (x-axis) and the concen- 63 59
tration corresponding to 50% activity (IC50) determined 64 16.2
using the XLFit curve-fitting program using a 4-parameter 65 6.9
logistic model. 25 23 1; <
Representative compounds of the present invention were 68 1
tested for activity in the above assay. Preferred compounds 69 310
have an IC,,<1,000 nM and more preferred compounds have 70 6.8
an IC,,<100 nM in this assay. As examples, data for repre- 71 6.1
> - 72 20
sentative compounds from Table 1 are shown in Table 3. 0 7 15.4
74 19
TABLE 3 75 17.3
76 6.1
Cpd No. ICso (MM 77 26.3
e 20D 78 66.1
1 28 35 79 83.2
2 155 80 5.2
3 21.0 81 4.6
4 120 82 15.4
5 2 83 12
6 6.3 84 57.4
7 16 85 15.5
8 0.1 40 86 15.4
9 3.6 87 39.8
10 115 88 74.5
11 73 89 102.8
12 140 90 222
13 130 91 122
14 5.3 45 92 41.7
15 12 93 12.2
16 7.1 94 5.2
17 10 95 11
18 11 9 17
19 10 97 8.6
20 2 50 98 19.8
21 >1000 99 21.4
22 7.3 100 11.6
23 5 101 21
24 31 102 27
25 3.1 103 120
26 164.6 55 104 250
27 18 105 20
28 37 106 10.1
29 5.1 107 15.1
30 110 108
31 5.2 109 44
32 13 110 85.0
3 238 60 111 620
34 476 112 11.6
35 90 113
36 >1000 114 >1000
37 >1000 115
38 4 116 3.5
39 120 65 117 5.9
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TABLE 3-continued TABLE 3-continued
Cpd No. IC5¢ (M) Cpd No. IC50 (nM)

119 197 25
120 5 198 34.9
121 45 199 37

122 151 200 154.3
123 201 209

124 202 61.2
125 203 403.5
126 11.5 10 204 54.9
127 25.1 208 20.6
128 10.9 206 4.7
129 7.5 207 183
130 8.4 208 50.1
131 27 209 22.5
132 s 210 58.6
133 24 211 373
134 7.5 212 48.1
135 6.3 213 69.6
136 3.6 214 404.7
137 10.7 215 326.2
138 216 35

139 20 217 33.2
140 218 73.5
141 6 219 3747
142 33 220 194
143 64.7 221 26.8
144 4.6 222 9.1
145 25 223 9.6
146 224 89.7
147 17 225 475
148 15.7 226 10.1
149 92 227 187
150 54 228 43
151 8.0 30 229 41

152 13.8 230 7.2
153 77 231 8.6
154 232 22

155 3.1 233 42.9
156 73 234 50.9
157 6.6 35 235 19.8
158 6.9 236 32

159 219 237 4.1
160 277 238 36.3
161 143 239 0.1
162 17.1 240 25.2
163 2579 241 32.9
164 16.3 40 242 14.6
165 47 243 10.8
166 295.6 244 147

167 21.2 245 114
168 18.5 246 573
169 25.8 247 50.3
170 24.5 45 248 9

171 28.5 249 6.3
172 28.5 250 36.1
173 16.9 251 169.7
174 65.5 252 60.2
175 16.1 253 20.9
176 11.5 50 254 31

177 15.5 255 10

178 30 256 140.7
179 83.2 257 34.6
180 234 258 52.7
181 235 259 44
182 243 55 260 53.5
183 249 261 14.8
184 5.2 262 124
185 485 263 159.1
186 13.7 264 37
187 19.5 265 31.1
188 40 266 155
189 35 60 267 169
190 27.8 268 165
191 19.9 269 184
192 63.9 270 16.6
193 40 271 104.9
194 147.6 272 37.7
195 4.3 65 273 116.8

196 2.6 274 50.8
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TABLE 3-continued
Cpd No. IC5¢ (M)
275 6.7
276 79.6
277 14.8
278 16.5
279 33
280 283
281 33.2
282 67.5
283 19.6
284 39.7
285 62.5
286 274
287 11.3
288 9.6
289 3.2
290 9.1
291 17.5
292 3.2
293 43.6
294 12
295 11
296 42
297 18
298 42
299 340
300 37
301 490
302 47
303 270
304 59
305 8.7
306 344
307 48.5
308 >1000
309 17.3
310 20.7
311 22.8
312 434
313 20.8
314 5.8
315 234
316 9.7

METHODS OF THERAPEUTIC USE

In accordance with the invention, there are provided novel
methods of using the compounds of formula (I). The com-
pounds disclosed herein effectively inhibit aldosterone syn-
thase. The inhibition of aldosterone synthase is an attractive
means for preventing and treating a variety of diseases or
conditions that can be alleviated by lowering levels of aldos-
terone. Thus, the compounds are useful for the treatment of
diseases and conditions as described in the Background sec-
tion, including the following conditions and diseases:

Diabetic Kidney Disease Including Diabetic Nephropathy;

Non-diabetic kidney disease including glomerulosclerosis,
glomerulonephritis, IGA nephropathy, nephritic syndrome
and focal segmental glomerulosclerosis (FSGS);

Cardiovascular diseases including hypertension, pulmo-
nary arterial hypertension, Conn’s syndrome, systolic heart
failure, diastolic heart failure, left ventricular dysfunction,
left ventricular stiffness and fibrosis, left ventricular filing
abnormalities, arterial stiffness, atherosclerosis and cardio-
vascular morbidity associated with primary or secondary
hyperaldosteronism;

Adrenal Hyperplasia and Primary and Secondary Hyper-
aldosteronism.

These disorders have been well characterized in man, but
also exist with a similar etiology in other mammals, and can
be treated by pharmaceutical compositions of the present
invention.
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Accordingly, a compound of formula I according to any of
the embodiments described herein or a pharmaceutically
acceptable salt thereof may be used for the preparation of a
medicament for treating a disease or disorder mediated by
aldosterone synthase, including diabetic nephropathy, glom-
erulosclerosis, glomerulonephritis, IGA nephropathy,
nephritic syndrome focal segmental glomerulosclerosis
(FSGS), hypertension, pulmonary arterial hypertension,
Conn’s syndrome, systolic heart failure, diastolic heart fail-
ure, left ventricular dysfunction, left ventricular stiffness and
fibrosis, left ventricular filing abnormalities, arterial stiffness,
atherosclerosis and cardiovascular morbidity associated with
primary or secondary hyperaldosteronism, adrenal hyperpla-
sia and primary and secondary hyperaldosteronism.

For therapeutic use, the compounds of the invention may
be administered via a pharmaceutical composition in any
conventional pharmaceutical dosage form in any conven-
tional manner. Conventional dosage forms typically include a
pharmaceutically acceptable carrier suitable to the particular
dosage form selected. Routes of administration include, but
are not limited to, intravenously, intramuscularly, subcutane-
ously, intrasynovially, by infusion, sublingually, transder-
mally, orally, topically or by inhalation. The preferred modes
of administration are oral and intravenous.

The compounds of this invention may be administered
alone or in combination with adjuvants that enhance stability
of the inhibitors, facilitate administration of pharmaceutical
compositions containing them in certain embodiments, pro-
vide increased dissolution or dispersion, increase inhibitory
activity, provide adjunct therapy, and the like, including other
active ingredients. In one embodiment, for example, multiple
compounds of the present invention can be administered.
Advantageously, such combination therapies utilize lower
dosages of the conventional therapeutics, thus avoiding pos-
sible toxicity and adverse side effects incurred when those
agents are used as monotherapies. Compounds of the inven-
tion may be physically combined with the conventional thera-
peutics or other adjuvants into a single pharmaceutical com-
position. Advantageously, the compounds may then be
administered together in a single dosage form. In some
embodiments, the pharmaceutical compositions comprising
such combinations of compounds contain at least about 5%,
but more preferably at least about 20%, of a compound of
formula (I) (w/w) or a combination thereof. The optimum
percentage (w/w) of a compound of the invention may vary
and is within the purview of those skilled in the art. Alterna-
tively, the compounds of the present invention and the con-
ventional therapeutics or other adjuvants may be adminis-
tered separately (either serially or in parallel). Separate
dosing allows for greater flexibility in the dosing regime.

As mentioned above, dosage forms of the compounds of
this invention may include pharmaceutically acceptable car-
riers and adjuvants known to those of ordinary skill in the art
and suitable to the dosage form. These carriers and adjuvants
include, for example, ion exchangers, alumina, aluminum
stearate, lecithin, serum proteins, buffer substances, water,
salts or electrolytes and cellulose-based substances. Preferred
dosage forms include tablet, capsule, caplet, liquid, solution,
suspension, emulsion, lozenges, syrup, reconstitutable pow-
der, granule, suppository and transdermal patch. Methods for
preparing such dosage forms are known (see, for example, H.
C. Ansel and N. G. Popovish, Pharmaceutical Dosage Forms
and Drug Delivery Systems, Sth ed., Lea and Febiger (1990)).
Dosage levels and requirements for the compounds of the
present invention may be selected by those of ordinary skill in
the art from available methods and techniques suitable for a
particular patient. In some embodiments, dosage levels range
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from about 1-1000 mg/dose for a 70 kg patient. Although one
dose per day may be sufficient, up to 5 doses per day may be
given. For oral doses, up to 2000 mg/day may be required. As
the skilled artisan will appreciate, lower or higher doses may
be required depending on particular factors. For instance,
specific dosage and treatment regimens will depend on fac-
tors such as the patient’s general health profile, the severity
and course ofthe patient’s disorder or disposition thereto, and
the judgment of the treating physician.

What is claimed is:
1. A compound of the formula I

wherein:
R is selected from —NH,, —NHCH, and —CHs,;
mis 0;
nis 1; and
X is selected from C and O; or
mis 0;
n is 0; and
Xis C; or
mis 1;
nis 1; and
Xis O;
Y and W are selected from C and N, wherein if Y is N, then
W is C and R* is an electron pair and if W is N, then Y is
C and R® is an electron pair;
R? and R® are independently selected from —H, —F,
—OH and C, _, alkyl, when X is C;
R? and R? is an electron pair when X is O;
R*is the group of —(CR“R® (Ao (CRR?) /3> Wherein:
p and q are independently selected from integers between 0
and 5, but p+q is always equal or less than 6;
A is selected from O, S and NR?;
B is selected from:
—H;
—OH;
—CN;
halogen;
—SO,R%
—C(O)R";
—CO,R%;
—NRSO,R%
—SO,NRR%
—CONR°RY,
—NR“CORY,

\
/S\\\ RGO re
o)

S

I
RL‘
—NR°RY

-Phenyl, optionally substituted with 1 to 3 groups
selected from halogen, —CN, —CH,CN, —NR“C
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(OR?, —S0,C, ,alkyl, —C(O)NRR?, C,_,alkoxy,
—SO,NR°R?Y,  —CO,R%, —NR°SO,R?Y —

(CH,)o.580,C, salkyl and C, jalkyl, wherein said
C, salkyl is optionally substituted with —OH, halo-
gen or —OCH;

-heteroaryl optionally substituted with 1 to 2 groups
independently selected from, —OH, C,_ jalkoxy,
—(CH,),_,morpholin-4-yl and C, salkyl wherein
said C,_galkyl is optionally substituted with —OH,
—CN, C, salkoxy-N(R?),, —CON(R®),,
—S0,C, _salkyl, —SO,N(R®), or halogen; and

—C,_, cycloalkyl, optionally partially unsaturated,
wherein up to 3 ring constituting carbons of the
cycloalkyl can be optionally replaced with a group
selected from O, S, N, NR®, SO, SO, and CO; and
wherein the resulting cycloalkyl or heterocyclyl is
optionally substituted with 1 to 3 groups selected
from —OH, oxo, —CN, C, jalkoxy, —N(R®),,
—CONR?),, —CO,C, jalkyl, —C(O)C,_ salkyl,
—S0,C, jalkyl, —SO,N(R®),, halogen and
C, _salkyl, wherein the C,_calkyl is optionally substi-
tuted with —OH;

R? is selected from

—H;

—C, salkyl optionally substituted with —OH, oxo,
—O0C, _salkyl or —OCH,phenyl;

—C,_¢ cycloalkyl, wherein up to 3 ring constituting car-
bons can be optionally replaced with a group selected
from O, S, N, NR?, SO, SO, or CO and wherein the
resulting cycloalkyl or heterocyclyl is optionally sub-
stituted with —OH, —CN, halogen or C, jalkyl,
wherein the C,_jalkyl is optionally substituted with
—OH;

—CO,R%;

—CN;

—CF3;

-halogen;

—(CR'R?),,0C, _zalkyl;

—C(O)NR“RY,

—CH,Ophenyl, wherein the phenyl is optionally sub-
stituted with halogen;

-Phenyl, optionally substituted with halogen or
SO,C, _salkyl;

—CR“R®NHR?; and

-heteroaryl, optionally substituted with C, ;alkyl;

R® and R” are independently selected from H, —Cl, —F,

—CN and —CHj;

wherein at least one of R® or R is H;
R“ and R” are independently selected from

—H;

—C,_ealkyl;

—C,; _,cycloalkyl wherein up to 3 ring constituting car-
bons can be optionally replaced with a group selected
from O, S, NR®, SO, SO, and CO;

—OH;

—CN;

-halogen; and

—O0C, ;alkyl; or

R“ and R?, attached to the same or different atom, along

with the atoms that they are attached to can form a

C,_,cycloalkyl ring in which up to 3 ring constituting

carbon atoms can be optionally replaced with a group

selected from O, S, NR?, SO, SO, and CO;
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R* and R are independently selected from:

—H;

—C, _¢alkyl optionally substituted with —OH, oxo,
—CN, C,jalkoxyl, —N(R®),, —CON(R),,
—S80,C, salkyl, —SO,N(R®),, halogen, heterocy-
clyl or heteroaryl;

—C,_,cycloalkyl optionally substituted with —OH,
—CN, C, salkyl, C, salkoxyl,  —N(R®),,
—CON(R?),,—S0,C, ;alkyl,—SO,N(R®), orhalo-
gen; wherein up to 3 ring constituting carbon atoms of
the ring can be optionally replaced with a group
selected from O, S, NR?, SO, SO, and CO;

—(CH,),.,phenyl, optionally substituted with 1 to 3
groups selected from —OH, —CN, C, alkyl,
C, _;alkoxyl, —N(R?),, —CON(R?),,
—S0,C, salkyl, —SO,N(R?), and halogen;

-heteroaryl optionally substituted with 1 to 2 groups
independently selected from —OH, —CN, C,_salkyl,
C, _;alkoxyl, —N(R?),, —CON(R?),,
—S80,C, salkyl, —SO,N(R®), and halogen;

—S0,C, _;alkyl; and

—CO,C, _;alkyl; or

R and R¥ along with the atoms that they are attached to can
form a C;_,cycloalkyl ring in which up to 3 ring consti-

tuting carbon atoms can be optionally replaced by O, S,

N, NR?, SO, SO, or CO, wherein the cycloalkyl or het-

erocyclyl ring formed can be optionally substituted with

one to three groups selected from —OH, —CN,

C,salkyl, C, jalkoxyl, —N(R?),, —CON(R®),,

—S0,C, _salkyl, —SO,N(R?), and halogen, wherein if

the ring is substituted with two groups on the same

carbon, the groups may join to form a spiro ring;
each R is independently selected from:

—H;

—C, _salkyl optionally substituted with—OH, —CN or
halogen;

—COC, _;alkyl;

—CO,C,_,alkyl; and

—S0,C, _salkyl;

or a salt thereof.
2. The compound according to claim 1, wherein
R? is selected from

—H;

—C, _salkyl optionally substituted with —OH;

—C;_¢ cycloalkyl, wherein up to 3 ring constituting car-
bons can be optionally replaced with a group selected
from O, S, NR¢ SO, SO, and CO and wherein the
resulting cycloalkyl or heterocyclyl is optionally sub-
stituted with —OH, —CN, halogen or C, jalkyl,
wherein the C,_jalkyl is optionally substituted with
—OH;

—CO,R%;

—CN;

—CF;;

-halogen;

—(CR“R”),.,0C, _salkyl;

—C(O)NRRY,

—CH,Ophenyl, wherein the phenyl is optionally sub-
stituted with halogen;

-Phenyl, optionally substituted with halogen or
SO,C, salkyl;

—CR“R®NHR?; and

-heteroaryl, optionally substituted with C, ;alkyl;

Réis H;
R’ is H;
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R and R? are independently selected from:

—H;

—C, salkyl optionally substituted with —OH, oxo,
—CN, C,jalkoxyl, —N(R®),, —CON(R),,
—S0,C, _salkyl, —SO,N(R®), or halogen;

—C,_,cycloalkyl optionally substituted with —OH,
—CN, C, salkyl, C, salkoxyl, —N(R®),,
—CON(R?),,—S0,C, _;alkyl,—SO,N(R®), orhalo-
gen; wherein up to 3 ring constituting carbon atoms of
the ring can be optionally replaced with a group
selected from O, S, NR?, SO, SO, and CO;

—(CH,),.,phenyl, optionally substituted with 1 to 3
groups selected from —OH, —CN, C,_salkyl,
C, ;alkoxyl, —N(R?),, —CON(R®),,
—S0,C, _salkyl, —SO,N(R?), and halogen;

-heteroaryl optionally substituted with 1 to 2 groups
independently selected from —OH, —CN, C,_salkyl,
C, _;alkoxyl, —N(R?),, —CON(R?),,
—S0,C, _salkyl, —SO,N(R®), and halogen;

—S0,C, _; alkyl; and

—CO,C, 5 alkyl; or

R° and R along with the atoms that they are attached to can
form a C;_,cycloalkyl ring in which up to 3 ring consti-
tuting carbon atoms can be optionally replaced by O, S,
NR?, SO, SO, or CO, wherein the cycloalkyl or hetero-
cyclyl ring formed can be optionally substituted with
—OH, —CN, C, qlkyl, C,;alkoxyl, —N(R®),,
—CON(R®),, —S0,C, ;alkyl, —SO,N(R®), or halo-
gen;

or a salt thereof.

3. The compound according to claim 1, wherein:

R! is selected from —NH, and —CHS,;

R? and R? are independently selected from —H, —F and
—OH, when X is C; R? and R? is an electron pair when
Xis O,

R* is selected from

—H;

—OH;

—(CH,),.,CN;

—C, ¢alkyl, optionally substituted with one to seven
groups independently selected from halogen, —OH or
—OCHj;;

—OC, _,alkyl, optionally substituted with —OH;

-halogen;

—CF3;

—(CH,)5.1(0)0.1(CH,)5.580,C, salkyl;

—C(0)C, _salkyl;

—CO,R%

—C,_,alkyl-NHSO,C, ;alkyl;

—Cy_,alkyl-NHC(O)NHC, ,alkyl;

—(0)o.,(CH,)0_, (O)o. 1C(O)NRCRd;

*(CHz)o-lNRcRd;

—(0)g.,(CH,)g_,(0)y_;phenyl, optionally substituted with
1 to 3 groups selected from halogen, —CN, —CH,CN,
—NHC(0)C, salkyl, —SO,C, _salkyl, —C(O)NRRY,
hydroxyC, ,alkoxy, C, jalkoxy, C(O)morphilin-4-yl,
—SO,NH(CH,), ;,0H, —SO,NRR? and C, ;alkyl
optionally substituted with —OH or —OCHj;;

—(0).,(CH,),_heteroaryl selected from indolyl, pyridi-
nyl, pyrazolyl, pyrazinyl, and pyrimidinyl, wherein said
heteroaryl is optionally substituted with one to two
groups independently selected from C, jalkyl, —OH,
C, _salkoxy, hydroxymethyl, —CO,C, ,alkyl, —C(O)
C, _salkyl and —(CH,),_,morpholin-4-yl;

—0y.1(CH,),_5(0),_; heterocyclyl, wherein the heterocy-
clyl is selected from 3,6-dihydro-2H-thiopyranyl,3,6-
dihydro-2H-pyranyl, oxetanyl, tetrahydrofuranyl, tet-



US 9,181,272 B2

297
rahydropyranyl,  1,2,3,6-tetrahydropyridinyl,
dihydro-2H-thiopyranyl-1,1-dioxide,

3.6-

tetrahydrothiopyranyl-1,1-dioxide, piperidinyl, mor-

pholinyl, piperazinyl and pyrrolidinyl;

wherein said heterocyclyl is optionally substituted with a
group selected from —C(O)C, jalkyl, —OH, oxo,

—(CH,),_,morpholin-4-yl, —CO,C,_,alkyl

and

C, _salkyl optionally substituted with —OH or —OCHS;;
—C(O)heterocyclyl, wherein the heterocyclyl is selected
from morpholin-4-yl, pyrrolidinyl and piperidin-1-yl;

and

—(CH,),.,O(CH,), _;heterocyclyl, wherein the heterocy-
clyl is selected from morpholin-4-yl, pyrrolidinyl and

piperidin-1-yl; and

—C, ¢cycloalkyl, optionally substituted 1 to 3 groups
selected from OH—CN, C, _qalkyl, C, jalkoxyl, and

halogen;
R? is selected from
—H;
—C,_zalkyl;
—CO,C, salkyl;
—CFj;
-halogen;
—O0C,_;alkyl;
—CH,0C, alkyl;
—C(O)NH,;
—C, _,alkyl-OH;
—CH(OH)C, _alkyl;

—CH,Ophenyl, wherein the phenyl is optionally substi-

tuted with halogen;

-Phenyl, optionally
SO,C, ;alkyl;

—CH,NHR*; and

-pyrazolyl, optionally substituted with C, jalkyl;

R®is H;

R’ is H; and

R€ and R are independently selected from

H, C eakyl, —C(O)C,_ alkyl,
—(CH,), sNHC(O)C, jalkyl, —CH,phenyl,
—S0,C, ,alkyl;

or a salt thereof.

4. The compound according to claim 1, wherein:

R'is —NH,;

Xis C;

Y and W are C;

R? and R? are H;

R* is selected from

—H;

—OH;

—(CH,)o.,CN;

substituted with halogen

or

7(CH2) 1-3 OHs

and

—C, _galkyl, optionally substituted with one to four groups
independently selected from —F, —OH or —OCH;;

-halogen selected from —F and —Cl;
—CFj5;

—C(0)C, _;alkyl;
—C,_,alkyl-NHSO,C, ;alkyl;
—(0)5.1(CH3)0.,(O)o., C(O)NRCRd;

—0y_,(CH,)o5(0),_; heterocyclyl, wherein the heterocy-
clyl is selected from 3,6-dihydro-2H-thiopyranyl, 3,6-
dihydro-2H-pyranyl, oxetanyl, tetrahydrofuranyl, tet-

rahydropyranyl,  1,2,3,6-tetrahydropyridinyl,
dihydro-2H-thiopyranyl-1,1-dioxide,

3.6-

tetrahydrothiopyranyl-1,1-dioxide, piperidinyl, mor-

pholinyl, piperazinyl and pyrrolidinyl;

wherein said heterocyclyl is optionally substituted with a
group selected from —C(O)C, jalkyl, —OH, oxo,
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—(CH,),_,morpholin-4-yl, —CO,C, _,alkyl

and

C, _;alkyl optionally substituted with—OH or —OCH;;

and

—(CH,),.,C(O)heterocyclyl, wherein the heterocyclyl is
selected from morpholin-4-yl, pyrrolidinyl and piperi-

din-1-yl; and

R? is selected from

—H;

—Cl1_3 alkyl;

—CN;

—CF;;

-halogen;

—CH(OH)C,_;alkyl;

-Phenyl, optionally
SO,C, alkyl; and

—CH,NHRS,

RSisH;

R” is selected from —H and —CH,; and

R and R are independently selected from

H, C, akyl, —C(O)C, jalkyl,
—(CH,),,NHC(O)C, _zalkyl,
—S0,C, »alkyl;

m is 0; and

nis 1;

or a salt thereof.

5. The compound according to claim 1, wherein:

R*is H;

R%is H; and

R’ is H;

or a salt thereof.

6. The compound according to claim 1, wherein:

R®is H;

RS is H; and

R’ is H;

or a salt thereof.

7. The compound according to claim 1, wherein:

nis 1;

RS is H; and

R7is H;

or a salt thereof.

8. The compound according to claim 1, wherein:

m=0;

R%is H; and

R7is H;

or a salt thereof.

9. The compound according to claim 1, wherein:

WandY are C;

RS is H; and

R7is H;

or a salt thereof.

10. The compound according to claim 1, wherein:

Xis C;

RS is H; and

R’ is H;

or a salt thereof.

11. The compound according to claim 1, wherein:

R!is —NH.,;

RS is H; and

R’ is H;

or a salt thereof.

12. The compound according to claim 1, wherein:

R is selected from H, —Cl, —F, and —CH,; and

R” is selected from H, —CH, and —CN,

wherein at least one of R® or R” is H;

or a salt thereof.

—CH,phenyl,

substituted with halogen

or

7(CH2) 1-3 OH’

and
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13. The compound according to claim 1, wherein -continued
R'is —NH,;
Xis C; Cpd
Y and W are C; No STRUCTURE
R? and R? are H; 3 . N
RS is selected from H, —Cl, —F, and —CHy; AN
R’ is selected from H, —CH, and —CN, |
wherein at least one of R® or R” is H; S F a
mis 0; and 10 |
nis1; x
or a salt thereof. N N
14. The compound according to claim 1 selected from the )\
group consisting of O NH
15
7 N.
Cpd A
No STRUCTURE |
O
1 N “ e
Z 20 |
N \N
X AN
N | )\
P @)
N 25
0 8 N\
> x |
A O / /
| 30 |
7 A x
| N N
N )\
N N
o) NH,
)\ 35
(@) NH, 9 N\
3 < |
| " P F o

i
?_Z

N
2
)\ 45
O

10
N,
x
F a 50

N
O)\ 55

N 11
A
F“ e 60

N
O)\ NIL 65
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-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE
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18 N
| A

NH,
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AN
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NH,
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| X
W

NH,
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| X
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™ | on
p

NH,
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Cpd Cpd
No STRUCTURE No STRUCTURE
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Cpd Cpd
No STRUCTURE No STRUCTURE
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OH
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% =z NH, 40

O)\ NI, 45

40 N\ 46
F F 50
A | HN,
N N Y
)\ 0
o) NH, 55
41 N
| x 47
7 | e 60
™ HN
N N N

65



US 9,181,272 B2

-continued -continued

Cpd Cpd

No STRUCTURE No STRUCTURE

5

48

49

50

51

52

53




US 9,181,272 B2

309 310
-continued -continued
Cpd Cpd
No STRUCTURE s No STRUCTURE
60

61

62

63

64




US 9,181,272 B2

311 312
-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE

71

72

73

74

75

76




US 9,181,272 B2

-continued -continued
Cpd Cpd
No STRUCTURE . No STRUCTURE
83 /N % N
=
~ | OH
N
N ONT O NI, NZ \
| 10 |
[e) N / (@) N N
15 g
84 (\ N
2 O\)
25
91
F
85 F.
F
30
OH
35
92
86
N
/
45
93
87
50
HO
55
88 94

60

65

NH,




US 9,181,272 B2

315 316
-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE

95

96

97

35 104 H,N O
98
N
N
(6]

99 45 105

55
100

106 HZN\’/O

65 N



US 9,181,272 B2

317 318
-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE

107

108

109

110

111

112

.

OLIJ

N_ N
\|/
N/

HN_ 0
L
\|/

IN/

IN_ 0
\|/
=

15

20

25

30

35

40

45

113

114

115

116




US 9,181,272 B2

319 320
-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE

119

120

121

122

123

124




US 9,181,272 B2

321 322
-continued -continued
Cpd Cpd
No STRUCTURE , Mo STRUCTURE
HZN\ o
O, N S/ fo)
AN \
| 10
NI, N
s | AN
P
N
15
132 138
20
133 25
139
N 0
AN ~
30 |
NH, N _z N
| Z
N
134 35
140
o) N
| x OH
40 NH, N __z N
| Z
N
H oy OH
135
o) N
o) Y | AN
50 NI, N _z
AN
P
N
55
136 N
a
142
o) N
AN 60 N SN
| | Ny

NH, N _z N

\

65



US 9,181,272 B2
323 324

-continued -continued

No STRUCTURE No STRUCTURE

144

145

146

147

148




US 9,181,272 B2

-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE
5
161 N
155 | N
F P
: | o
™
N N
HZN/KO
15
162 N
156 N
| Y.
F P /AN
20 | |
™
N N
HZN/gO
25
157 N 163 N
[ B
NE,  NTON 7 . 7 | &
OH x /K
7 N N LN 0
HZN/KO
35
158 N N
| N 164 | N
=z
N NTONX 40 F F NI
F OH “ |

159

160

45

N

HZN/gO

N




US 9,181,272 B2

-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE
5
167 173 N
[
NL N O e
10
0 N A~ OH
15
174
168
NI,
20
25
175
169
30
35
176
170
40
45
177 N
171 Z | o
Va N N/
50 | N
™
N N
O)\NH
55 2
178 N
172 N\ = | 0
AN
e F 6 F | N/\
™ K/O
N Z on N N

65



US 9,181,272 B2

329 330
-continued -continued
Cpd
No STRUCTURE Cpd

No STRUCTURE

179

180

181

182

183

184




US 9,181,272 B2
331 332

-continued -continued

Cpd Cpd
No STRUCTURE No STRUCTURE

190

191

192

193

194

195




US 9,181,272 B2

333 334
-continued -continued

Cpd Cpd
No STRUCTURE No STRUCTURE

5
202 208 N,

[
. F S o
10 |
x HN
N N
)\ 0
o) NH,

15

203 209 N,
X
| {
F A ~e N\
20 | O// \\O
x
N N

2

5
210 N
x
| H
~e N\ F A NY
o//\\o 30 « | I
I

204

pdan)

H,N e}
35
205 N, 211 N.
S o o x
| \/ |
7 | 7 ™~ 0 = | N
x x>
N N N N (6] (|)
HZN/KO LN /go

45

206 212

50

55

207 213

65



US 9,181,272 B2

-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE
5
214
215
216
217
218 224
50
55
219 225
60 0

65



US 9,181,272 B2

337 338
-continued -continued
Cpd Cpd
No STRUCTURE
No STRUCTURE

226

227

228

229

230




US 9,181,272 B2

339 340
-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE
5
237 N 243
[
F F
| 10
™
N N

15 g4

238

20

25 a5
239 N
(]|
N P N
| 30
Z 0
N N
()"’J\\‘rqu
35 246
240 N
| N
F F
| 40
™ N 0
N N [:: :::[ii:
I{ZPJ’//l§§§() 0
45 247
241 N
| x
z
7z | 50
A N 0
N N [::: :::[iii;
HzN/&O 0 s g N
A
242 }{\\ |
| | x F
A 7 60 F O
| N N
N O
N 7 \S/ /J\ J\ J
N LN 0 o N

)\ 0 )
O NH, 65



US 9,181,272 B2

341 342
-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE

249

250

251

252

253

O)\
260 N
254 | N\ | N
D AP
N \N N N \N o
/& ; © /g
H,N 6] 65 N o]



US 9,181,272 B2

343 344
-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE

261

262

263

264

265

266




US 9,181,272 B2

345 346
-continued -continued
Cpd Cpd
No STRUCTURE No STRUCTURE
5
273 N 279 N,
F F p P
274
275
276
277

278




US 9,181,272 B2

347 348
-continued -continued
(I:\?d Cpd
o STRUCTURE
No STRUCTURE

HZNYO
N

285
/N
N
\H ) |
O\g)/\;(j
P
N

286

287

288

289

290

291

15

25

35

45

55

60

65

292

293

294

O

295

7
N cl =

296

N
| it
Z
N F F
297
o) N
AN 0
NI, N )k/
P AN N



US 9,181,272 B2

-continued -continued
Cpd Cpd
No STRUCTURE s No STRUCTURE
298
299
300

301

302

303




351

-continued

US 9,181,272 B2

352

-continued

Cpd
No

STRUCTURE

310

311

312

313

314

H,N

10

15

20

25

35

40

55

Cpd
No STRUCTURE

315

LN

316

317

318

N N

PN /e
o) NH,

and the pharmaceutically acceptable salts thereof.

15. The compound according to claim 14 selected from the
group consisting of compound numbers 1-3, 5-11, 14-20,
22-25, 27-29, 31-35, 38, 40-43, 45, 46, 48, 50-57, 59, 60,
62-68, 70-88,90-102, 105-107,109, 110,112, 116,117,121,
126-131, 133-137, 141-144, 147-153, 155-162, 164, 165,
167-182, 184-193, 195-199, 202, 204, 205, 207-213, 216-
218, 220-243, 245-250, 252-255, 257-262, 264-270, 272,
274-298,300,302,304-307 and 309-316 and the pharmaceu-
tically acceptable salts thereof.

16. A pharmaceutical composition comprising a com-
pound according to claim 1 and a pharmaceutically accept-
able excipient or carrier.
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